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@ A projection exposure apparatus consists of: 
an iiluminatbn optical system, including a tight 
source, for irradiating a mask; a projection 
optteal system for projecting a hyperfine pattem 
image on a substrate ; an optical integrator for 
illuminating the mask in a homogeneous illumi- 
nance distribution ; and a luminous flux dis- 
tributing member for distributing the luminous 
fluxes from the integrator into two luminous 
fluxes in two different directbns for focusing 
intensity distributions over the Fourier trans- 
form surface or the surface in the vksinity there- 
of on two portions part from the optical axis of 
the illumination optteal system. 

An exposure method of exposing the mask 
patterns onto an exposed member comprises: 
a step of starting the exposure when setting a 
movable optical member in a first position ; a 
step of switching the movable optical member 
from the first position to a second position ; a 
step of shielding the illuminatron light during 
the switching process ; and a step of finishing 
the irradiatton of the mask with the luminous 
fluxes when an exposure quantity reaches a 
preset value. 
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BACKGROUND OF THE INVENTION 
Field of the Inv ntion 

5 The present Invention is directed generally to an exposure method and an exposure apparatus, and more 
particularly, to a projection exposure method and a projection exposure apparatus which are employed in a 
lithography process for liquid crystal elements and semiconductor memory cells having regular hyperfine pat- 
terns. 

10 Related Background Art 

A method of transfenring mask pattems on a sut>strate typically by the photolithography method is adopted 
in manufacturing semiconductor memories and liquid crystal elements. In this case, the illumination light such 
as ultra-violet rays for exposure strikes on the sut>strate having its surface formed with a photosensitive resist 
f5 layer through a mask fonmed with the mask pattems. The mask pattems are thereby photo-transferred on the 
substrate. 

The typical hyperfine mask pattems of the semiconductor memory and the liquid crystal element can be 
conceived as regular grating pattems arrayed vertically or horizontally at equal spacings. Formed, in other 
words, in the densest pattern regk>n in this type of mask pattems are the grating pattems In which equally-spa- 

20 ced transparent lines and opaque lines, formable on the substrate, for attaining the minimum line width are 
arrayed alternately in X and/or Y directtons. On the other hand, the pattems having a relatively nraderate degree 
of fineness are formed in other regions. In any case, the oblique pattems are exceptional. 

Besides, a typical material for the photosensitive resist exhibits a non-linear photosensitive property. A 
chemical variation thereof quickly advances on giving an acceptance quantity greater than a certain level. If 

25 smaller than this level, however, no chemical variation advances. Me nee, there exists a background wherein 
if a difference in light quantity between a light portion and a shade portion is sufficiently secured with respect 
to a mask pattern projected image on the substrate, a desired resist image according to the mask pattems can 
be obtained even when a boundary contrast between the light portion and the shade portion is somewhat low. 
In recent years, a projection exposure apparatus such as a stepper, etc. for transfenring the mask pattern 

30 on the substrate by reductive projection has been often employed with a hyperfiner pattern construction of the 
semiconductor memory and the liquid crystal element. Special ultra-violet rays having a shorter wavelength a 
narrower wavelength distributing width are employed as illumination light for exposure. The reason why the 
wavelength distribution width Is herein nanrowed lies in a purpose for eliminating a deterioratk)n in quantity of 
the projected image due to a chromatic aberratbn of the projection optical system of the projection exposure 

35 apparatus. The reason why the shorter wavelength is selected lies in a purpose for improving the contrast of 
the projected image. Shortening of the wavelength of the tilumlnation light induces a limit in terms of constraints 
of lens materials and resist materials in addition to the fact that no appropriate light source exists for the much 
hyperfiner mask pattems required, e.g., for the projectk>n exposure of line widths on the submicron order. This 
is the real situation. 

40 In the hyperfine mask pattems, a required value of the pattern resolution line width is approximate to the 
wavelength of the Qlumlnatbn light Hence, It is impossible to ignore influences of diffiracted light generated 
when the illumination light penetrates the mask pattems. It Is also difficult to secure a sufficinet light-and-shade 
contrast of the mask pattern projected image on the substrate. In particular, the light-and-shade contrast at the 
pattem line edges remarkably declines. 

45 More specifically, respective diffracted light components a Oth-order diffiracted light component, (±} primary 
diffracted light components and those greater than (±) secondary diffracted light components that are generated 
at respecth/e points on the mask pattems due to the Uluminatron light incident on the mask from above-pass 
through the projection optical system. These light components are converged again at the respective points 
on the substrata conjugate these points, thereby fonming the image. However, the (±) primary diffracted light 

so components and those larger than the (±) secondary diffiracted light components have a much larger diffiraction 
angle than that of the Oth-order diffracted light component with respect to the hyperfiner mask pattems and are 
therefore Incident on the substrate at a shallower angle. As a result a focal depth of the projected image out- 
standingly decreases. This causes such a problem that a sufficient exposure energy can not t>e supplied only 
to some portions corresponding to a part of thickness of the resist layer. 

55 Itisth refbre required to selectively use the exposur light source having a shorter wavel ngthorth pro- 
jection optical syst m having a larger numerical apertur tnord r to transfer the hyperfin rpatt ms. As a matter 
of cours , a striv for optimizing both of the wavel ngth and the numerical aperture can be also considered. 
Proposed In Japanese Patent Publication No. 62-5081 1 was a so-called phas shift reticle in which a phase 
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of the transmitted light from a specific portion aiTW^ Iransmlsslv portions of retid circuit patterns deviates 
by ji from a phase of th transmitted light from other transmissrv portions. When using this phase shift retid , 
the patt rns which ar hyperfiner tfian In th prior art are transferable. 

In the conventional xposure apparatus, howev r, it is pr sently difficult to provide the illumination light 
5 source with a shorter wavelength (e.g., 200 nm or under) than the present one for the reason that there exists 
no appropriate optical material usable for the transmission optical member. 

The numerical aperture of the prelection optical system is already approximate to the theoretical limit at 
the present tinf>e. and a much larger numerical aperture can not be probably expected. 

Even if the much larger numerical aperture than at present is attainable, a focal depth expressed by ± 
10 Ay2NA2 is abruptly reduced with an increase of the numerical aperture. There goes conspicuous the problem 
that the focal depth needed for an actual use becomes smaller and smaller. On the other hand, a good number 
of problems Inherent In the phase shift relide, wherein the costs Increase with more complicated manufacturing 
steps thereof, and the Inspecting and modifying methods are not yet established. 

Disdosed, on the other hand, In U.S. Patent No. 4,947,413 granted to T.E. Jewell et al Is the projection 
15 lithography method by which a high contrast pattem projected Image is formed with a high resolving power on 
the substrate by making the Oth-order diffracted light component coming from the mask patterns and only one 
of the (+) and (-) primary diffracted light components possible of interference by utilizing a spatial filter proces- 
sing within the Fourier transfonm surface in the projection optical system by use of an off-axis Illumination light 
source. Based on this method, however, the Illumination light source has to be off-axis-disposed obliquely to 
20 the mask. Besides, the Oth-order diffracted light component Is merely interfered with only one of the (+) and (-) 
primary diffiracted light components. Therefore, the light-and-shade contrast of edges of the pattem Image is 
not yet sufficient, the image being obtained by the interference due to unbalance In terms of a light quantity 
difference between the Oth-order diffracted light component and the primary diffracted light component. 

25 SUMMARY OF THE INVENTION 

It Is a primary object of the present invention, which has been devised in the light of the foregoing problems, 
to attain the exposure with a high resolving power and large focal depth even when using an ordinary rettele 
by making the Illumination light inddent on a mask at a predetermined angle indlned to the optk^al axis of an 
30 Illumination optical axis or a projection optical system, providing a member for making the Illumination light inci- 
dent obliquely on the mask In the illumination optical system and illuminating the mask without any loss In light 
quantity. 

It is anottier object of the present Invention to provide such an an-angement that passage positions of a 
Oth-order diffiracted light component and (±) primary diffracted light components within a Fourier transfer surface 
35 for nrask pattems in the projection optical system are set as arbitrary positions symmetric with respect to the 
optical axis of the projection optical system. 

To accomplish tiie objects described above, according to one aspect of the present invention, there is pro- 
vided, In ttie illumination optical system, a luminous flux distributing member such as a prism, etc. for distributing 
ihe illumination light into at least four luminous fluxes penetrating only a predetermined regfon on the Fourier 
40 transfomn surface for tiie mask pattems. 

According to anotiier aspect of the present Invention, there is provided a movable optical member such as 
a nrKJvable mirror or the like In tiie illumination optical system to concentrate the luminous fluxes In predeter- 
mined positions on the Fouriertransfomfi surface fertile mask pattems. The movable optical member is drivable 
to cause at least two beams of illumination light to pass tiirough only the predetenmined region on ttie Fourier 
45 transform surface witfi time differences from each other. 

According to still another aspect of ttie present Invention, there are provided the luminous flux distributing 
member or ttie movable optical member between an optical Integrator such as a fly eye lens, eta and ttie mask 
or between the light source and the optical integrator. 

According to a furtfier aspect of the present Invention, ttie optical Integrator Is divided Into a plurality of opti- 
50 cal Integrator groups which are set In discrete positions eccentric from tiie optical axis. At the same time, the 
Illumination light is focused on tfie plurality of optical Integrator groups, respectively. 

According to still a furUier aspect of ttie present Invention, the luminous flux distributing member Is movable 
and exchangeable. The position In which the luminous flux passes above the Fourier transfomi surface for the 
mask pattems is arbitrarily set. 

55 According to yet anotiier asp ct of ttie present Inv ntion, in a method of effecting the exposure whfle devi- 
ating a substrat position In ttie optical-axis direction of the projection optical syst m from an image forming 
surface of ttie mask patt rns, ttie exposur Is perfonm d by making th illumination light inddent on tfi mask 
at an indlned angle. 
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In accordance with th present inv ntion, it Is possible to actualize a projection typ exposur apparatus 
exhibiting a higher resolving pow r and larger focal depth than in the prior art even by employing th ordinary 
reticl . Further, although the effect of innproving the resolving power competes with a phase shifter, the con- 
ventional photo mask can b us d as it is. It is also feasible to follow th conv ntional photo mask inspecting 
technique as It is. Beskies, when adopting the phase shifter, the effect of increasing the focal depth is obtained, 
but It is hard to undergo influences of a wavefront abenratlon due to defocus even in the present invention. For 
this reason, a large focal depth (focal tolerance) is obtained. 

Other objects and advantages of the present invention will become apparent during the following discussion 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 1s a view schematically illustrating a projection type exposure apparatus in a first embodiment of the 
present invention; 

Fig. 2 is a view depicting a light transmissive substrate (luminous flux distributing member) including pat- 
terns of periodic structure in the first embodiment of the present Inventton; 
Fig. 3 is a view depicting a spatial filter conresponding to the pattems shown in Fig. 2; 
Figs. 4 and 6 are views each showing a variant form of the periodic structural pattems in the first embodi- 
ment of the present invention; 

Fig. 5 is a view illustrating a spatial filter corresponding to the pattems shown in Fig. 4; 

Fig. 7 is a view depicting a spatial filter conresponding to the pattems shown in Fig. 6; 

Figs. 8, 9, 10, 11 and 12 are views each showing a variant fonm of the luminous flux distributing member 

In the first embodiment; 

Fig. 13 Is a view of a drive unit for the luminous flux distributing member of Fig. 12; 
Fig. 14 is a view schematically showing a light path from the Fourier transform surface for the reticle to the 
projection optical system in the projection type exposure apparatus according to the first embodiment of 
the present invention; 

Figs. 1 5A and 1 50 are plan views showing one example of the reticle pattems fonmed on the mask; 
Figs. 1 58 and 1 5D are views of assistance in explaining the placement of respective exit porttons (surface 
illuminant image) on the Fourier transfomi surface for the reticle pattems conresponding to Figs. 15A and 
150, respectively; 

Fig. 16 Is a view schematically illustrating a projection type exposure apparatus In a second embodiment 
of the present Invention; 

Figs. 1 7 and 1 8 are views showng a variant form of the movable optteal member according to the present 
invention; 

Figs. 19A and 19B are flowcharts showing an exposure method in the second embodiment of the present 
Invention; 

Fig. 20 is a view schematically illustrating a projection type exposure apparatus in a third embodiment of 
the present invention; 

Figs. 21 , 22, 23, 24 and 25 are views each showing a part of an input optical system; 

Fig. 26 is a view showing an illumination system when Incorporating a reticle blind Into the exposure 

apparatus of Fig. 20; 

Fig. 27 is a view depicting a configuration about a wafer stage of the projection type exposure apparatus 
in the third embodiment of the present invention; 

Figs. 28A and 28B are graphic charts each showing velocity characteristics of a Z-stage and abundance 
probabilities of the exposure quantity when executing a cumulative focal point exposure method by use of 
the Z-stage of the wafer stage; 

Fig. 29 is a view schematically illustrating a projection type exposure apparatus in a fourth embodiment of 
the present invention; 

Figs. 30, 31 , 32, 33 and 34 are views showing variant forms of the input optical system; 

Fig. 35 Is a plan view taken substantially In the optical-axis direction, showing a placement of movable fly 

eye lens groups and a construction of a movable member thereof; 

Fig. 36 is a view taken substantially in the direction vertical to the optical axis, showing the construction of 
Fig. 35; 

Fig. 37 is a view sch matically illustrating a projection typ exposure apparatus In a frfth embodiment of 
the pres nt inv ntion; 

Fig. 38 is a view depicting a concr t construction of th movable member (switching m mber of this Inven- 
tion) for exchanging four pi ces of holding members consisting of a plurality of fly y lens groups; 
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Fig. 39 is a view showing a variant fonn of th movable member for exchanging the plurality of holding 
memb nand 

Fig. 40 is a view schematically showing a fundam ntal construction of a light path in the first embodiment 
of the present invention. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will hereinafter be described in detail with reference to the accom- 
panying drawings. Fig. 1 is a block diagram illustrating a whole projection type exposure apparatus in accord- 

10 ance with a first embodiment of the present invention. A luminous flux L1 emitted from an exposure light source 
1 such a mercury lamp or the like and converged by an elliptical min-or 2 is reflected by a mirror 3. The luminous 
flux reflected by the minror 3 passes through a relay lens 4 and is monochromatized by a wavelength selection 
element 5. A monochromatized luminous flux Is refracted by a minror 6 and is incident on a fly eye lens 7. 
At this moment an Inddent surface of the fly eye lens 7 is provided in a position substantially conjugate to reticle 

15 pattems 28. An exit surface of the fly eye lens 7 is formed on a Fourier transfonm corresponding surface (Fourier 
transform surface) of the reticle pattems 28 or In the vicinity of this surface. An aperture stop 8 is provided in 
dose proximity to the exit surface of the fly eye lens 7. A numerical aperture of illumination light L3 is determined 
by a drive unit 9 for making variable a size of an opening of the aperture stop 8. The illumination light L3 Is 
reflected by a mirror 10. Illuminated with the Illumination light through a condenser lens 11 is a diffraction grating 

20 pattem plate (light transmlssive flat plate) 1 2 Incised with diffraction grating pattems 13a. This diffraction grating 
pattern plate 1 2 functions as a luminous flux distributton nnember In the present invention. This plate 1 2 Is attach- 
able/detachable and interchangeable. At this time, the diffraction rating pattem plate 1 2 is provided on a surface 
substantially conjugate to the hyperfine reticle pattem surfaces 28 formed on a retide 7. The retide pattems 
28 may be herein isdated pattems or pattems having a periodic structure. 

25 As described above, an optical integrator such as the fly eye lens and fibers is used in an illumination optical 
system for illuminating the retide with the light Uniformed is an intensity distribution of the illumination light 
with which the retide is illuminated. In the case of employing the fly eye lens to optically effect this homogenizing 
process, a retide side focal surface and a retide surface are linked based substantially on a relation of Fourier 
transform. The retide side focal surface and a light source side focal surface are also linked based the relation 

30 of Fourier transform. Hence, the pattem surface of the retide and the light source side focal surface (precisely 
the light source side focal surface of each individual tens element of the fly eye lens) are linked based on an 
image forming relation (conjugate relation). For this reason, on the retide, the illumination beams from the res- 
pective elements (secondary illuminant image) of the fly eye lens are added (overlapped) and thereby averaged. 
An illuminance homogeneity on the reticle can be thus enhanced. 

35 Fig. 2 is a plan view showing one example of the diffraction grating pattern plate. 

The diffraction grating pattem plate 12 is a transparent substrate of fused quartz or the like and is formed 
with the diffraction grating pattem 13a. The diffraction grating patterns 13a are conceived as line-and-space 
pattems fonmed of a flare metal thin fllm of Or and the like. Note that at this time, a pitch Pg of the diffraction 
grating pattems 1 3a are desirably substantially given by Pg = 2Pr x M (m is the magnificatk>n of image formation 

40 between the diffraction grating pattem 13a and the retide pattems 28) with respect to a pitch Pr of the rettele 
pattems 28. A duty thereof is not necessarily 1 : 1 but may be arbitrary. 

Now, retuming to the description of Fig. 1, (-) primary diffracted light L4 and {*) primary diffracted light L5 
generated by the diffradion grating pattem plate 12 are separated from each other by a condenser lens 15 on 
a Fourier transform surface 50 in the illumination optical system. The beams of light are then condensed in a 

45 position eccentric from the optical axis of the illumination optical system (or a projection optical system (29)). 
The positions through which the beams of (±) primary diffracted light L4, L5 pass above the Fourier transform 
surface are symmetric with respect to an optical axis AX A spatial Alter 16 is proivded on the Fourier transform 
surface or on a surface in the vicinity of the Fourier transform surface. Light transmlssive positions (openings) 
are provided in such positions as to transmit only the beanfis of diffracted light ((±) primary diffraded light L4, 

50 L5 in this embodiment) of the specific order among the beams of diffracted light generated from the diffraction 
grating pattems 1 3a. Note that this spatial filter 1 6 rrtay be such a variable type filter as to make variable a posi- 
tion and a configuratk)n of the transmlssive portion or may be a filter of such a type that the spatial filter 16 
itself is attachable/detachable and interchangeable. The spatial filter 16 is preferably provided with, when the 
Oth-ord r diffracted light is generated from the diffraction grating pattem 1 3a, a Crthin fllm having a size nough 

55 to shield the Oth^rder diffracted light. Beams of light of unnecessary orders can b also shielded. 

Fig. 3 d plots a spatial filt r 16a suitable wh n using the diffractbn grating pattems 13a shown in Fig. 2. 
An obliqu tine portion indicates a light shielding portion. A radius of the spatial filter 16a is s t great r than a 
total numerical aperture of the illumination optical system. Two light transmlssive portions (openings) 16a1, 
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16a2 are provid d in portions synrtm trio with respect to the central point of tli spatial filter 16a. 

An intensity distribution (positions of luminous flux s) on the Fourier transform surfac of the iiiumination 
optical syst m r quir d diff rs depending on th dir ctivity of the reticle pattern 28. It is, how ver, desirable 
that th directivity of the diffraction grating patterns 1 3a be equal to the directivity of th reticle patterns 28. In 

5 this case, it is not necessary that the directivities be identical. The directivity of the diffraction grating patterns 
13a projected on the reticle pattern 28 may be coincident with a large proportion of the directivity of the reticle 
patterns 28. To implement these requirements, intrinsic diffraction grating pattems determined for the respec- 
tive reticle pattems 28 are incised in individual diffraction rating pattern plates. Simultaneously when replacing 
a reticle 27, the reticle 27 may be replaced while matching it with the diffraction grating pattern plate. 

10 The diffraction grating pattems 1 3a are determined by the pitch or line width and the directivity of the reticle 
pattems 28. Hence, the same diffraction grating patterns plate may be used In common to a plurality of reticles 
having patterns in which the pitches, line widths and the directivities are substantially equal. 

If tiie directivities of the plurality of retircles are different, they may be made coincident with the directivities 
of the pattems on the respective reticles by rotating the diffraction grating pattern plate 1 2 within a plate vertical 

15 to the optical axis. Furttier, If the diffraction grating pattern plate 12 is rotatable (through, e.g.. 90''), a corres- 
pondence can be given to such a case that the llne-and-space pattern directions of the reticle pattems 13a are 
different from directions x, y. The relay lens 1 5 is set as a zoom lens (afocal zoom expander and the Wke) conv 
posed of a plurality of lens elements, wherein a condensing distance is variable by changing a focal distance. 
In this case, however, ttie conjugate relation between the diffraction grating pattem plate 12 and the reticle 27 

20 should be kept. Further, an image of the pattem 13a may be rotated by use of an image rotator. 

For instance, the diffraction grating pattems 13a may be employed in a state of being rotated about the 
optical axis of the niumination optical system to obtain an arbitrary angle in accordance with the directivity of 
tiie reticle pattems 28. 

Now, as Illustrated In Fig. 1, ttie luminous fluxes L4, L5 passing through the spatial filter 16 are led to a 
25 reticle blind 20 via a condenser tens 19. The reticle blind 20 is provided on a surface substantially conjugate 
to the reticle pattem surfaces 28 and is a field stop for illuminating only the specific area on the reticle 27 with 
the light This reticle blind 20 has an aperture openabie and dosable, witii the aid of a drive system 21 and is 
capable of adjusting a size of the iiiumination area on the reticle 27. The reticle 27 is illuminated witii luminous 
fluxes L6, L7 passing through the reticle blind 20 through condenser lenses 22, 26 and a mirror 24 disposed 
30 substantially in the vicinity of the Fourier transform surface. The luminous fluxes L6, L7 are incident on ttie reticle 
pattems 28. The beams of diffiracted light generated firom the reticle patterns 28 are condensed to form an image 
on a wafer 30 by means of a projection optical system 29. The wafer 30 is two-dlmenslonally movable within 
ttie plane vertical to tiie optical axis. The wafer 30 Is placed on a wafer stage 31 movable in the optical-axis 
direction. 

35 Fig. 40 schematically illustrates a fundamental configuration of light paths for iiiumination beams in an 

exposure apparatus in this embodiment Refemng to Fig. 40, the light transmisslve portion (opening) 16a of 
the spatial fitter 16 is disposed in a position eccentric from the optical axis AX of the projection optical system 
or the illumination optical system on the Fourier transform surface. A coordinate position of the luminous fluxes 
passing ttirough the Fourier transform surface is eccentric from the optical axis AX 

40 Now, the iiiumination light L5 emitted firom the exit portion 1 6a of the spatial filter 1 6 is incident on ttie reticle 
27 via the condenser lens 26. The reticle pattems 28 depicted on the reticle (masic) 27 typically contain a large 
number of periodic pattems. Therefore, a Otivorder diffracted light component DO, (±) primary diffracted light 
components Dp, Dm and higher-order diffracted light components are generated in directions corresponding 
to degrees of fineness of the pattems from the reticle pattems 28 illuminated with the light At tills moment, the 

45 iiiumination luminous fluxes (central line) are Incident on tiie reticle 27 at an inclined angle. Hence, the diffracted 
light component of the respective orders are also generated from the reticle pattems 28 with an inclination 
(angular deviation) as compared with the vertical illumination. The illumination light L6 shown in Fig. 40 is inci- 
dent on the reticle 27 with an inclination 9 to tiie optical axis. 

The illumination light L6 is diffracted by the reticle pattems 28, thereby generating a Otii-order diffracted 

50 light component Do traveling in a direction with the inclination 9 to ttie optical axis AX, a (+) primary diffracted 
light component Dp with an Inclination Op to tiie Otti-order diffracted tight component and a (-) primary diffracted 
light component Dm traveling with an inclination 6m to the Oth-order diffracted light component Do. The fllumi- 
nation light L6 is, however, incident on the reticle pattems at tiie inclined angle q> to the optical axis AX of the 
projection optical system 29 both sides of which are telecentric. For this reason, ttie Oth-order diffracted light 

55 component Do also travels in tiie direction inclined at th angle <p to the optical axis AX of tiie projection optical 
syst m. 

Hence, the (-•-) primary diffracted light compon nt Dp trav Is in a direction of (Op + 9) to th optical axis 
AX, white th (-) primary diffracted light component Dm goes in a direction of (Om - 9) to th optical axis AX. 
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At this time, the diffracted angles Op, 6m are xpr ssed such as: 

sin (9p + 9) - sin <p = A/p (1) 
sin (9m - <p) -i- sin 9 - %J9 (2) 
wh re It Is assumed that both of the (+) primary drffracted light component Dp and (-) primary diffracted light 
5 component Dm penetrate a pupil surface (the Fourier transfomn surface of the reticle patterns) 51 of the pro- 
jection optical system 29. 

When the diffracted angle Increases with finer reticle paltems 28, the (+) primary diffracted light component 
Dp traveling in the direction inclined at the angle of (Sp + <p) at first becomes incapable of penetrating the pupil 
suri'ace 51 of the projection optical system 29. Nanr>ely, there is developed a relation such as sin (0p + <p) > 
10 NAr. a beam of illumination light L131 is incident with an inclination to the optical axis AX, and hence the (-) 
primary diffracted light component Dm Is capable of Incidence on the projection optical system 29 even at the 
diffracted angle of this time. Namely, there Is developed a relation such as sin (Om - 9) < NAr. 

Produced consequently on the wafer 30 are Interference fringes by two luminous fluxes of the Oth-order 
diffracted light component Do and the (-) primary diffracted light component Dm. The Interference fringes are 
IS conceived as an Image of the reticle patterns 28. A contrast of approximately 90 % is obtained when the reticle 
patterns 28 have a llne-and-space of 1 : 1 , and patterning of the image of the reticle patterns 28 can be effected 
on a resist applied over the wafer 30. 

A resolving limit at this moment is given by: 

sin(em-9) = r4AR (3) 
20 Hence, a reticle-side pitch of the transferable minimum pattern Is given by: 

NAr + sin9 = yjp 
P = X/(NAr + sin9) (4) 
Now, supposing that sin 9 is set to approximately 0.5 x NAr as one example, the minimum pitch of the 
pattern on the transferable reticle Is given by: 

25 

^ = 2X/3NAj^ ... (5) 

On the other hand, In the case of a known projection exposure apparatus In which a distribution of Qluml- 
natlon light on the pupil surface 51 of the Fourier transform surface fells within a circular range (rectangular 
range) about the optical axis AX, the resolving limit is expressed by sin Om X/P =^ NAr. The minimum pitch 

35 is g wen by P « X/NAr. It can be therefore underetood that the projection type exposure apparatus in this embo- 
diment attains a higher resolving power than In the known exposure apparatus. 

The following is an elucidation about why a focal depth becomes large on the basis of a method of forming 
image fbnming patterns on the wafer by use of the Oth-order drffracted light componentand the primary diffracted 
light component while the reticle patterns are irradiated with the exposure light in a specific incident direction 

40 at a specific Incident angle. 

As illustrated In Fig. 40, when the wafer 30 is coincident with the focal position (the best image forming 
surface) of the projection optical system 29, all the Individual diffracted light components emerging firom one 
point of the reticle patterns 28 and reaching one point on the wafer 30, even if they pass through any part of 
the projection optkial system 29, have an equal length of light path. For tills reason, even when tiie Otii-order 

46 diffracted light component penetrates substantially the center (in tiie vicinity of the optical axis) of ttie pupQ sur- 
face 51 of the projection optical system 29, the oth-order diffracted light component and other diffracted light 
components are equal in terms of lengths of their light paths, and a mutual wavefront aberration is zero. When 
the wafer 30 is in a defocus state (the wafer 30 does not coincide with the focal position of tiie projection optical 
system 29). however, the lengths of the high-order diffracted light components obliquely falling thereon are short 

50 in front of tiie focal point as compared witii the Oth-order diffracted light comonent passing in the Otii-order dif- 
fracted light component passing In the vicinity of the optical axis. Whereas in rear of tiie focal point (closer to 
tiie projection optical system 29). tiie lengths increases. A difference ttierebetween corresponds to a difference 
between the incident angles. Hence, the Otii-order, primary, ... diffracted light components mutually form the 
wavefront aberration, resulting In creation of unsharpness In front and in rear of the position of tiie focal point. 

55 The wavefiront aberration caused by th defocus described above Is defined as a quantity given by AFr2/2, 
where AF is th amount of deviation from tiie focal point position of the wafer 30. and r (r = sin Sw) is the sine 
of an incident angi Ow in tii case of (-) incid nee of tiie individual diffracted light component. (At tiiis time, r 
repres ntsadlstanc fromth optical axis AX on tii pupil surface 51.) In th conventional known projection 
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type xposur apparatus, the Oth-order diffracted light component Do passes in th vicinity of the optical axis 
AX, and hence r (Oth-ord r) = 0. On the other hand, in the (±) primary diffracted light components Dp, Dm, r 
(primary) s M. Xyp (M is the magnification of th projection optical system). 

Therefore, th wavefront aberration due to defocusing of the Oth-order diffracted light component Do and 
5 tiie (-I-) primary diffracted light components Dp, Dm is given by: 

AF.m2 (xyP)2/2 

On the other hand, in the projection type exposure apparatus according to this Invention, as illustrated in 
Fig. 40, the Otti-order diffracted light component Do is generated in the direction inclined at the angle 9 to the 
optical axis AX. Thus, the distance of the Oth-order diffracted light component from the optical axis AX on the 

10 pupil surface 51 Is expressed such as r (Oth-order) = M- sin 9. 

Further, the distance of the (-) primary diffracted light component Dm from the optical axis on the pupil sur- 
face is expressed such as r ((-) pdmary) » M sln 9 (9m - <p). At this time. If sin 9 = 8ln(em - 9), a relative wavefront 
aberration due to defocusing of the Oth-order diffracted light component Do and the (-) primary diffracted light 
component Dm becomes zero. Even when the wafer 30 deviates slightly in the optical-axis dnrection from the 

15 position of the focal point, it follows that the unsharp image of the patterns 28 does not become larger than in 
the prior arts. Namely, the focal depth increases. As shown in the formula (2), sin (9m - 9) + sin 9 = X/P, and 
hence it is possible to remaricably increase the focal depth on condition that the incident angle 9 of tiie illumi- 
nation luminous flux L6 to the reticle 27 Is made to have a relation such as sin <^ = ^29 with respect to the 
patterns having the pitch P. 

20 Herein, as discussed above, each of the luminous fluxes L6, L7 is incident on the reticle 28 at the inclined 
angle 9 in symmetry with respect to tiie optical axis of the projection optical system or tiie illumination optical 
system. Generated from tiie patterns 28 are the Oth-order diffracted Tight component Do, a (-) primary light com- 
ponent Dm and a (-*-) primary light component Dp. 

The Incident angle 9 Is prescribed by a numerical aperture NA of the projection optical system as well as 

26 by the reticle patterns 28. As expressed in the formula (4), this incident angle is selectively set to an incident 
angle conresponding to the minimum value of tiie reticle pattern pitch. The incident direction is desirably set to 
a pitch array direction of the reticle pattems. The optimum conditions of the incident angle will be explained 
later. 

Herein, as described above, the diffraction grating pattern plate 12 is disposed in the position substantially 

30 conjugate to the reticle pattems 28. The diffraction grating pattems 1 3a are therefore projected on tiie reticle 
patterns 28 via the illumination optical system. For this reason, a llght-and-shade image assuming the diffiraction 
grating configuration Is formed on tiie reticle pattems 28, and the uniformity In amount of illumination light Is 
tiiereby deteriorated. However, the diffraction grating pattern plate 12 Incised with tiie diffraction grating pat- 
tems 13a is oscillated or shifted by one pitch of the diffiraction grating pattems 13a or by approximately an 

35 integer multiple or greater during an expousre period (while an unillustrated shutter is opened) per shot by a 
drive member 14 such as a motor, a piezoelement and ttie like. The light-and-shade image is thereby shifted 
by approximately one pitch or larger during the exposure period per shot The luminance is averaged 
(homogenized) in temns of time, thereby keeping well tiie unlfomiity in quantity of the illumination light. The 
direction in which the light-and-shade image is shifted or oscillated is preferably set to exhibit a less correlation 

40 with the direction of the diffraction grating pattems 13a. For Instance, tiie image is allowed to make a circular 
motion (synthesized witii the oscillations In tiie directions x and y) wherein a diameter is set to a value which 
exceeds the pitch Pg of the pattems 13a wltiiin the plane vertical to the optical axis. 

At tills time, one or more optical members closer to the reticle 27 than the diffiraction grating pattern plate 
12 may be shifted, oscillated or allowed to make the circular motion under the same cond itions within the illum'i- 

45 nation optical system in place of the diffraction grating pattern plate 12. Fig. 1 shows an example where drive 
members 23, 25 are attached to tiie condenser lens 22 and the minror 24. 

The llght-and-shade image Is averaged within the exposure period by giving the above-described shifting, 
oscillating or circular motion. The illumination light quantity on the reticle pattems 28 can be kept uniform. 
There is, however, a possibility to cause unevenness in the light quantity on the reticle pattem surfaces 

50 28 due to a dispersion In diffraction efTiciency or In transmlssivity within the pattem plane which is derived from 
a manufacturing error of the diffractkin grating patterns 13a. To prevent this phenomenon, a light scattering 
member 17 such as a diffusion plate of a lemon skin and the like may be disposed in dose proximity to the 
Fourier transform surface 50. 

The light emerging from one point on the diffraction grating pattems 1 3a is scattered by tti light scattering 

55 member 17 and serves for illumination over a wide area of the reticle pattem surfaces 28. In other words, th 
light from th wide ar a of th diffiraction grating patt ms 1 3a reaches one point on the reticle patt m surfaces 
28. A local rror in manufacture of the diffraction grating patt ms 13a is relieved. At this time, ttie light scattering 
m mb r 1 7 is shifted, oscillated or rotated by a motor 18 during the exposur period per shot, whereby a tim 
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averaging effect Is produced. This makes it easi rto liminate the dispersion in th quantity of th iilumination 
tight 

Not that wh n shifting, oscillating or rotating the light scattering memb r 17, th optical members such 
as the diffraction grating pattem plate 12 or th condenser lens 22 and the min'or 24 may not be shifted, oscil- 
5 lated or rotated. 

This light scattering member 17 provided in the vicinity of the Fourier transform surface deteriorates the 
image of the diffraction grating pattems 13a but does not cause extreme fluctuations in the angular range of 
the incident angles of the illumination light incident on the reticle pattem surface 28. 

In addition, the fiber bundles may be laid leastwise larger than the spot beams on the Fourier transform 
10 surface or over the entire Fourier transform surface in place of the light scattering member 17 to deteriorate 
the light fluxes. Further, the effect to deteriorate the image can t>e enhanced by a combination with the light 
scattering memt>er 17. 

Incidentally, the device depicted in Fig. 1 Includes: a main control system 58 for generalizing/controlling 
the device; a bar code reader 61 for reading bar codes BC representing the names prepared a side of the reticle 

15 pattems 28 in the course of carrying the reticle 27 just above the projection optical system 29; and a keyt)oard 
62 for inputting commands and data from the operator. Registered beforehand in the main control system 58 
are the nannes of a plurality of reticles dealt with by this stepper and stepper operatk>n parameters correspond- 
ing to the respecth^e names. The main controller system 58 outputs, when the bar code reader 61 reads the 
reticle bar code BC, the previously registered information on the shift and the rotation of the diffraction grating 

20 pattem plate 12 to the drive member 14 as one of the operaiton parameters which corresponds to that name. 
The optimum distribution of the light quantity can be thereby fonfned on the Fourier transform surface 50 in 
accordance with the reticle pattems on the reticle. As one of the parameters conresponding to the names of 
the reticles, the infomnatlon on the replacement of the diffraction grating pattem plate 12 is Inputted to a retk:le 
replacing member 62. The diffraction grating pattem plate 12 optimal to the reticle patterns 28 fonmed on the 

25 reticle is thereby selectable. The operations discussed above are executable by the operator's inputting the 
commands and data directly to the main control system 58 from the keyboard 63. 

Now, in order to intensify the effect of Improving the resolving power in this embodiment, preferably <7= 0.1 
to 0.3 by adjusting the numerical aperture 8 of the illumination system. The reason for this is that the improve- 
ments of the resolving power and of the focal depth are not attainable if the value a Is too large, and whereas 

30 if too small, a fklelity declines. Hence, when an exit area of the fly eye iens 7 of the above-described illumination 
optical system is set to 1 , it is desirable to manufecture a fly eye lens having an exit area of, e.g. 0.3 in contrast 
with that value. The illumination optteal system from the elliptical mirror 2 to the fly eye lens 7 may preferably 
be constructed to maximize the light quantity with respect to a - 0.3. In addition, the value a may be variable 
by changing the width of luminous fluxes incident on the fly eye lens 7 with the lens system 4 being composed 

35 of a zoom lens (afocal zoom tens). 

The foregoing positions of the respective mirror are not limited to the above-mentioned. For Instance, the 
mirror 24 fitted with the drive member 25 may be disposed closer to the spatial filter 16 than the reticle blind 
20. 

Next, there will be explained a case where the retksle pattems 28 are not oriented uniformly over the entire 

40 surface of the rettele but oriented partially in different directions. 

For example, a case where the reticle pattems 28 have the periodic structure In two directtons x, y will be 
described. Where the reticle patterns 28 have the periodic structure in the two directions x, y, there may be 
employed the diffraction grating pattem plate 12 formed with diffraction grating patterns 13b arrayed partially 
In different directions as shown in Fig. 4. Referring to Fig. 4, diffraction grating pattems 13b1, 13b3 correspond 

45 to the reticle pattems 28 having the periodic structure In the direction y. Diffraction grating pattems 1 3b2, 13b3 
correspond to the reticle patterns 28 having the periodic structure in the direction x. At this time, the pitch anray 
direction of the diffraction grating pattems 1 3b1 . 1 3b3 is equalized to the pitch array direction of the reticle pat- 
tems 28 having the periodic structure in the direction y. The pitch array directbn of the diffraction grating pat- 
tems 13b2, 13b3 is equalized to the pitch array direction of the reticle pattems 28 having the periodic structure 

50 In the direction y. 

Fig. 5 is a diagram illustrating a spatial filter 1 6b corresponding to the diffraction grating pattem 1 3b depicted 
in Fig. 4. The spatial filter 16b includes light transmissive portions (openings) 160a, 160b, 160c, 160d. The obli- 
que line portion indicates a light shielding portion. The light transmissive portions 160a, 160c transmit the dif- 
fracted light g nerated from tii diffraction grating pattems 13b1, 13b3. A spacing between the light 
55 transmissive portions 1 60a, 1 60b is detemiined by a pitch of the diffraction grating pattems 1 3b1 , 1 353. A dir c- 
tion and an angle of the diffract d light incid ntonther tk)l pattems are d tenmined by positions of th beams 
of refracted light at the spatial filter 16, i.e., by positions of the light transmissive portions 160a. 160c. 

Similarly, the light transmissiv portions 160b, 160d transmit th diffracted light from the diffraction grating 



9 



EP0 486 316 A2 

patterns 1 3b2, 1 3b4. A dir ctioh and an angle of the luminous flux Incident on the reticle patt ms 28 ar deter- 
mined by the position of th refracted lighten the spatial fiit r16which is conditional to the pitch of th diffraction 
grating patterns 13b2, 13b4. 

A configuration of th diffraction grating pattern 13b is not limited to the line-and-space depicted in Fig. 4 

5 but may be a checked grating pattern 13c illustrated in Fig. 6. The pitch anray direction is desirably matched 
with the array direction of the reticle patterns 28. As discussed above, if the periodic patterns on the retide are 
arrayed In the two directions x, y, as illustrated in Fig. 8, the pitches of the checked grating pattern 13c may 
be set in the directions x, y. A duty thereof is not limited to 1 : 1. 

Fig. 7 illustrates a spatial filter 16c for the checked grating pattern 13c shown in Fig. 6. The spatial filter 

10 16c includes light transmissive portions 161a, 161b, 161c, 161d. The oblique line portton indicates the light 
shielded portion. 

Spacings between the light transmissive portions 161a. 161band 161d, 161c are determined by thex-direo- 
tional pitch of the diffraction grating pattern 1 3c shown in Fig. 6. Spacings between the light transmissive por- 
tions 161a, 161d and 161b, 161c are determined by the y-directlonal pitch of the diffraction grating pattern 13c 

IS shown in Fig. 6. Where the reticle pattems 28 have the periodic structure in the two directions x, y, the Bluml- 
natk>n light penetrating the light transmissive portions 161a, 161d is incident on the reticle pattems 28 having 
the x-directional period^ structure, thereby generating the (-•-) primary diffracted light component This diffracted 
light component passes through substantially the same position as that of the Oth-order diffracted light com- 
ponent of the Illumination light which has penetrated the light transmissh^e portions 161b, 161c respectively on 

20 the pupil surface 51 of the projection optical system 29. Reversely, the illumination light penetrating the light 
transmissive portions 1 61 b. 161c is incident on the reticle pattems 28 having the x-directional periodic structure, 
thereby generating the (-) primary diffracted light component This diffracted light component passes through 
substantially the same position as that of the illumination light which has penetrated the light transmissh^e por- 
tions 161a, 161d respectively on the pupil surface 51 of the projection optical system. Distances from the optical 

25 axis to the respective light transmissive portions 161a. 161b, 161c, 161d are equally set Therefore, the Oth- 
order diffracted light component and the (+) primary diffracted light component or the (-) primary diffracted light 
component pass through the positions having substantially equal distances from the optical axis on the pupil 
surface of the projection optical system. Four beams of illumination light passing through the light transmissive 
portk)ns 161a to 161d are incident on the reticle pattems 28, thereby generating (+) or (-) primary diffracted 

30 light component Combined light components of any one of these primary diffracted light components and the 
Oth-order diffracted light component all reach the wafer 30, whereby an image having, as described above, a 
contrast of approximately 90 %, is fbnned. Further, the Oth-order diffracted light component and the primary 
diffracted light components travel through the positions having substantially equal distances from the optical 
axis AX on the pupil surface 51 of the projection optical system 29, and hence the focal depth is also great 

35 The case of the pattems having the periodicity in the direction x has been described so far. The pattems 
having the periodicity in the direction y are, however, available. The directions of the gratings are not limited 
to the above-mentk)ned but may include, e.g., a slant direction in accordance with the reticle pattems. Two 
pieces of light transmissive substrates fbmied with the repetitive diffraction grating pattems 13a shown in Fig. . 
2 are disposed so that the pattern surfaces confront each other. Two flat plates are relatively rotated about the 

40 optical axis of the aiumlnation optical system, and arbitrary pattems may be fomned by a adjusting the relative 
positions of the respective pattems. Further, the repetitive pattems assuming other arbitrary configuratk>ns may 
also be available. The diffraction grating patterns 13 may be not only the rectilinear pattems but also pattems 
having the periodic structure, e.g., honKKjentrIc grating pattems (Fresnel zone plate, etc.) and homocentric ellip- 
tical pattems. Additionally, the pattems having arbitrary light-and-shade portions in the two direction x, y may 

45 also be created by use of liquid crystal and the like. In these cases also, the spatial filter 16 having the trans- 
missive portions detenmined based on the positions of diffracted light may be used. 

The diffraction grating pattern plate 1 2 may be the one In which a light shielding film of Cr and the like under- 
goes patterning on the surface of a transmissive substrate. e.g., a glass substrate. Alternatively, the plate 12 
may be the one provided with so-called phase gratings in which a dielectric film of Si02 or the like Is subjected 

50 to patteming. The phase gmtings exhibit such advantages that the Otii-order diffracted light component can be 
restrained, the spatial filter 16 can be also omitted, and a loss of the light quantity is small. 

As discussed above, the incident directions and the incident angles of the (plurality of) illumination luminous 
fluxes Incident on the retide pattems 28 are prescribed corresponding to the reticle pattems 28. The incident 
directions and angles can b adjusted arbitrarily by changing th directivity and th pitch oftiie diffraction grating 

55 pattems 13a. For example, as explain d eariier, the diffraction grating pattem plate 12 is replaced witii ttie one 
having th different pitch s.tii reby making variable the positions of ttie luminous fluxes Incid nt on the Fourier 
transform surface. It is therefore possibi to attain an arbitrary distribution of the illumination light quantity on 
the Fouri r transfonn surfac without causing a considerabi loss of th illumination light quantity. As stated 
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before, th transmitting positions of the luminous fluxes on th Four! r transform surface are made variable. 

whereby the incident angi of the illumination light to th reticle patt ms 28 is also made variable (the angle 

of the luminous flux sincid ntonlh projection optical system is adjustabi to a desired angl ). For this reason. 

it is feasible to obtain th projection xposure apparatus having a high resolving power and a small r loss of 
5 the light quantity. The luminous flux transfomi member is intended to generate the light quantity distribution 

assuming an arbitrary configuration in accordance with the inddent angle to the reticle patterns 28 on the 

Fourier transfonn surface or in the vicinity of this Fourier transform surface. Eliminated is an adjustment of the 

relative positional relation with the retide pattems. 

Note that there will be mentioned in detail the detennination about the positions (on which the light quantity 
10 distributions concentrate on the entire Fourier transform surface) of the luminous fluxes incident on the Fourier 

transform surface 50. 

The following Is an explanation of a method of deteriorating the image by providing optical elements in the 
light transmlssive portions of the spatial filler 1 6 by way of an example of variant fonm of the means for deteriorat- 
ing the image. 

15 Transmlssive flat plates having different thicknesses and refractive indices are adhered to the respective 
light transmlssive portions of the spatial filter 1 6. The beams of light penetrating the individual light transmlssive 
portions travel along the light paths which are each longer by a value of (diffraction grating pattern plate thick- 
ness X refractive index). If a difference between the lengths of the light paths of the luminous fluxes penetrating 
the respective transmlssive portions is larger than a coherent length of the illuminatfon light, the beams of light 

20 penetrating the respective transmlssive portions do not interfere with each other on the retide pattem surfoces. 
Namely, It implies that no image of the difTraction grating pattems is fonmed. For Instance, If the illumination 
light is an i-beam (wavelength = 0.365 ^im. wavelength width = 0.005 ^m) of the mercury lamp, the coherent 
length of the illumination light Is approximately 27 ^m. Where the glass having a refractive index of 1 .5 is used 
as the above-described diffraction grating pattern plate, a difference (At) between the thicknesses of the flat 

25 plates adhered to the respective openings is expressed such as: 

Atx (1.5-1)^ 27 ^m 

where the refractive index of the air is 1 . The difference defined by At ^ 54 ^m may suffice. 

Hence, if the glasses individually having a refractive Index of. e.g.. 1.5 and thicknesses of 1000 jim, 1060 
\m (thickness-difference is 60 \vm) are adhered to the respecth^e openings of the spatial filter Illustrated in, e.g.. 
30 Fig. 3. the Interference fringes on the retide pattem surfaces - i.e., the image of the diffraction grating pattems 
- disappear (deterioration). 

Where the light transmlssive flat plates having tiie different tiilcknesses and rBfracHve Indices are adhered 
to the openings of the spatial filter 16 In ttiis manner, ttte diffraction grating pattems 13 and the optical member 
or the light scattering member 17 may not be osdilated. shifted or rotated. 

35 If a coherence length of the illumination light is large, and when using, e.g.. a laser beam source, preferably 
an optical rotatory element such as crystal may be adhered to one opening of the spatial filter 16 to rotate a 
polarizing direction of the transmission light through approximately 90*». Adhered to otiier openings are the 
transmlssive flat plates of glass and the like having substantially equal length of the light patii as that of the 
optical rotary element Where the spatial filter described above is employed, almost a half of the luminous fluxes 

40 witti which the retide pattern surfaces are irradiated are orthogonal (altematively, drculariy polarized light In 
ttie reverse direction) to each other In terms of their polarizing directions. Therefore, the Interference fringes - 
viz., ttie image of ttie diffractton grating pattems - are deteriorated. The diffraction grating pattems 13 are posi- 
tioned witti slight deviations in tiie optical-axis direction from the conjugate position to the retide patterns 28, 
with ttie result tiiat ttie Image of tiie diffraction grating patterns 13 projected on ttie retide patterns 28 may be 

45 deteriorated (defocused). 

Deteriorated (homogenized) by the Image deteriorating means on the basis of the above-desaibed con- 
sttuction are the unnecessary light-and-shade fringes (the image of the diffraction grating pattems) which are 
produced by projecting (image-fomiing) the diffraction grating pattems serving as the luminous flux distributing 
member on ttie retide pattem surfaces through the illumination optical system. Altematively. ttie fringes are 
50 averaged in time and then homogenized In terms of ttie disbibutton of ttie image surface light quantity. An une- 
venness of illuminance on ttie rettele pattem surfaces can be prevented from being deteriorated. Further, it Is 
feasible to remaricably reduce the manufacturing costs for ttie luminous flux transfonn members wittiout being 
Influenced by tiie defects In manufacturing ttie luminous flux distributing membera. 

The diffraction grating pattem plate 12 may be not only tiie transmissiv pattem plate but also a reflective 
55 pattem plate shown In Fig. 8. The optical member for transfomiing tti illumination light d scrib d above Into 
a plurality of luminous fluxes and fbnning an arbittary light quantity distribution on tti Fourier h^nsform surface 
50 is not limit d to ttie diffraction grating pattem plate 12 or 12A. 

Fig. 9 is a schematic diagram showing an anrang ment in which a prism 33 fomned witti a plurality of ref- 
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ractive surfaces is employed as a member (luminous flux distributing member) for guiding a plurality of luminous 
fluxes onto the Fourier transfomi surface 50 and fonming an arbitrary light quantity distribution on the Fourier 
transform surface. The configurations toward the light source from a relay lens 1 1 and toward the reticie from 
a relay lens 1 5 are the same as thos shown In Fig. 1 . Th prism 33 In Fig. 9 is divided Into two refractive sur- 

5 feces with the optical axis AX serving as a boundary. The illumination light incident upwardly of the optical axis 
AX Is refracted upwards, whereas the illumination light incident downwardly of the optical axis AX is refracted 
downwards. Hence, the Illumination luminous fluxes can be Incident on the Fourier transform surface in accord- 
ance with a refracting angle of the prism 33. The dividing number of the refractive surfaces is not limited to 2 
but may be any number in accordance with a desired light quantity distribution on the Fourier transform surface. 

10 The dividing positions are not necessarily symmetric positions with respect to the optical axis AX. 

The incident positions of the illumination luminous fluxes incident on the Fourier transform surface 50 is 
wade variable by exchanging the prism 33. 

Further, the prism 33 at this time may be a polarization beam solitter such as wollaston prism, etc. In this 
case, however, the polarizing directions of the split luminous fluxes are different, and hence the polarization 

IS properties may be anranged in one direction, considering the polarization property of the resist of the wafer 30. 
The device, as a matter of course, incorporates a function to exchange the prism and the like. 

Fig. 10 shows an example where a plurality of mirrors 34a, 34b. 34c. 34d are employed as luminous flux 
distributing members. The illumination light passing through the relay lens system 11 Is so reflected as to be 
separated Into two directions through the prinwiry mirrors 34b. 34c and guided by the secondary mirrors 34a, 

20 34d. The Illumination light Is again reflected and reaches the Fouriel transform surface. Each of the minors 34a, 
34b, 34c, 34d is provided with a position adjusting nfiechanism and a mechanism for adjusting an angle of rota- 
tion about tile optical axis AX. Based on these mechanisms, ttie illumination light quantity on the Fourier trans- 
fonm surface 50 is arbitrarily made variable. Further, tiie mirrors 34a, 34b. 34c, 34d may be plane, convex or 
concave mlrrore. As depicted in Fig. 1 0, it is permitted ttiat some luminous fluxes are not reflected once by the 

25 mirrors but the Incident directiy on the Fourier transform surface 50 from the relay lens 4. Besides, lenses may 
be Interposed between the secondary mirrors 34a, 34d and the Fourier transfonn surface. 

Prepared by twos In Fig. 10 are the primary mirrors 34b, 34c and the secondary mirrors 34a, 34d. The nu- 
merical quantity Is not limited to this value. The minx)rs may be disposed appropriately corresponding to the 
desired illumination light incident on the Fourier transfomi surface in accordance with the reticle patterns 28. 

30 All the mlrrore are, as the necessity arises, constructed to retreat up to such positions that tiie illumination lumi- 
nous fluxes strike on the minora. 

Fig. 1 1 illustrates an example where a beam splitter is employed as a luminous flux distributing member. 
The configurations toward the light source from the relay lens 11 and towards the reticle from the space filter 
16 are the same as those shown in Fig. 1. As illustrated in Fig. 1 1, the Illumination light traveling through the 

35 relay lens 1 1 is split into two luminous fluxes LAI , LA2 by means of a beam splitter 38 provided In the illumination 
optical system. The luminous fluxes LAI, LA2 are distributed as those having a certain magnitude (thickness) 
on the Fourier transfomi surface 50 through lens systems 39, 40 and plane parallels 41 , 42. The lens systems 
39, 40 are property selected, whereby a magnitude of the illumination light quantity distribution on the Fourier 
transform surface 50 can be arbitrarily set The plane parallels 41 , 42 are minutely movable (inclinable) by drive 

40 systems 43, 44. The distributed positions of the luminous fluxes distributed on the Fourier transform surface 
50 can be minutely adjustable. The drive systems 43, 44 are constructed of motore, geare or piezoelements 
and so on. 

The luminous flux distributing member nr>ay involve tiie use of a waveguide member such as optical fibers 
and the like. Fig. 12 is a schematte diagram in a case where an optical fiber bundle 35 is used as a luminous 

45 flux distributing member. The configurations towards the light source from tiie relay lens 1 1 A and towards the 
reticle from the spatial filter 16 are the same as those shown In Fig. 1. The illumination light emerging from the 
light source and penetrating the relay lens 1 1 A Is Incident via an incident portion 351 on the optical fiber bundle 
35 while being adjusted to a predetenmined numerical aperture (NA). The illumination luminous fluxes incident 
via tiie incident portion 351 on tiie optical fiber bundle 35 are split into a plurality of luminous fluxes and exit a 

50 plurality of exit portions 35a, 35b. The plurality of exit portions 35a, 35b are provided In positions eccentric from 
tiie optical axis AX on ttie Fourier transfomi surface (pupil surface of tiie Illumination optical system) 50. Only 
ttie luminous fluxes which exit only ttie exit portions 35a. 35b are fonned In dose proximity to ttie Fourier trans- 
fomi surface. 

It is therefore possibi to form an artjitrary distribution of th illumination light quantity in the vicinity of the 
55 Fourier transfomi surface ven by using tiie optical fiber bundle 35 as in tiie same way witti th above-m n- 
tioned diffracting grating pattern plate 12. 

At the time, lenses (e.g., filed lens s) may b interpos d between th exit portions 35a, 35b of the optical 
fiber bundle 35 and ttie spatial filter 16. 
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As discuss d abov , th incident angi s of the iliumination light failing on the reticie 27 and the reticie pat- 
terns 28 ar d t nmined by the positions (eccentric from th optical axis AX) of the exit portions 35a, 35b within 
the plane v rtical to the optical axis AX. For this reason, th exit portions 35a, 35b are Independently movabi 
with the aid of movable members 36a, 38b for adjusting the positions of the exit portions 35a, 35b within the 

5 Fourier transform surface. 

Next, an embodiment of the movable portions movable on the fiber exit portions will be explained with refer- 
ence to Figs. 12 and 13. Fig. 12 is a sectional view, as In Fig. 1 , taken substantially in the direction vertical to 
the optical axis. Fig. 1 3 is a plan view taken substantailly in the optical-axis direction. 

Employed herein are four pieces of fiber exit portions 35d, 35b, 35c, 35d as a means for creating an arbitrary 

10 light quantity distribution on the Fourier transfonfn surface 50. The respective fiber exit porttons are in discrete 
positions eccentric from the optical axis AX and are disposed at substantially equal distances firom the optk^al 
axis AX. Turning to Figs. 12 and 13, the fiber exit portions 35a, 35b, 35c, 35d are stretchable and contractible 
in the direction perpendicular to the optical axis by means of drive elements such as motors and gears which 
are incorporated into the movable members 36a, 36b, 36c. 36d through support bars 37a, 37b, 37c, 37d. The 

15 movable members 36a, 36b, 36c, 36d thenr^selves are also movable in the circumferential direction abut the 
optical axis along a fixed guide 36e. Therefore, the individual fiber exit portions 35a, 35b, 35c. 35d are inde- 
pendently movable in the Intra-plane directbn vertical to the optical axis. Namely, these exit portions are Inde- 
pendently movable to arbitrary positions (so as not to overlap with each other). The respective positions (within 
the plane vertteal to the optbal axis AX) of the fiber exit portions 35a, 35b, 35c, 35d shown in Figs. 12 and 13 

20 are changed preferably in accordance with the reticle patterns to be transferred. Exit surfaces of the exit portions 
35a, 35b may be formed with the light scattering members such as diffusion plates and with aperture spots for 
regulating the apertures. 

The luminous flux distributing member may be replaced with the spatial filter 16 provkled in the vicinity of 
the Fourier transform surface, in this case, however, a loss of the light quantity Increases. 

25 Note that the foregoing luminous flux distributing means (such as the optical fibers and the beam splitter) 
depicted in Figs. 9 through 12 are all intended to prepare the light quantity distribution in dose proximity to the 
Fourier transform surface of the reticle patterns. The positions (conjugate relation) in which the exit portions of 
the luminous distributing means may be arbitrarily set. 

Given is a case where the plural beams of illumination light come from the luminous flux distributing mem- 

30 ber. However, one luminous flux may be incklent on the position eccentric by a predetenmined quantity from 
the optical axis AX on the Fourier transform surface. For instance, one luminous flux may fall on the Fourier 
transform surface 50 by providing one exit portton of the fiber 35 shown In Fig. 12. 

Now, the Incident positbns of the luminous flux distributing member onto the Fourier transform surfece are 
detennined (changed) preferably according to the reticle patterns to be transferred. A method of determining 

35 the positions in this case is that, as explained referring to Fig. 41 , the incident position (inckJent angle 9) of the 
illumination luminous fluxes from the exit portions to the reticle patterns may be set to obtain the effects of impro- 
ving the resolving power and focal depth which are optimal to the degree of fineness (pitch) of the pattems to 
be transferred. 

By exemplifying a case where the optical fibers are used herein as a luminous flux transform member, there 
40 will be next explained a concrete example of determining the positk>nr(gravity position of the light quantity dis- 
tribution created by one luminous flux inckJent on the Fourier transform surfece) of the luminous flux passing 
above the Fourier transfbnn surface. The explanation will be gh^en with reference to Figs. 15A through 15D. 
Figs. 15A to 15D are diagrams schematically illustrating the exit surfaces of the elements from the exit portions 
35A, 25B to the reticle pattems 28. The exit surfaces coincide with the Fourier transform surface 50. At this 
45 time, the lenses or a lens group for bringing both of them into a Fourier transfonm relation are expressed in the 
fonm of a single lens 26. Further, It is assumed that f is the distances firom the principal point on the side of the 
fly eye lens to the exit surface and from the principal point on the side of the reticle of the lens 26 to the rettele 
pattems 28. 

Figs. 15A and 15C are diagrams each showing an example of some pattems formed in the reticle pattems 
50 28. Fig. 1 58 Illustrates the central position (the optimum position of a peak value of the light quantity distribution 
on the Fourier transform surface) on the Fourier transform surface (or the pupil surface of the projection optical 
system) which Is optimal to the reticle pattems of Fig. 1 5A. Fig. 1 5D is a diagram illustrating the central position 
(gravity position of the light quantity distribution created by one luminous flux incident on the Fourier transform 
surface) of the exit portions optical to the r tide pattems of Fig. 15C. Fig. 15A depicts so-called one-dim nsional 
55 line-and-space pattems wherein the transmissive portions and light shielding portions are arranged with equal 
widths to assume a striped configuration in the direction Y and also regulariy arrang d at pitches P in the direc- 
tion X. At this time, th central position of one exit portion (surface illuminant) is, as illustrated in Fig. 158, in 
an arbitrary position on a line s gment Lxi or Lp in the direction Y which is pr sumed within ttie Fourier transform 
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surface. Fig. 15B is a diagram showing a Fourier transform surface 50A associated with the reticle patterns 28 
which Is viewed substantially in th opticai-axis direction AX. Coordinat systemsX. Y within the Fouri rtrans- 
fbnm surface 50A are identical with those in Fig. 15, wh rein th r tide patt ms 28 are ot>serv d in the same 
direction. Now, the distanc s a, p from the center C through which the optical axis AX passes to the respectiv 

5 line segments La, Lp have a relation such as a = p. These distances are equal such as: a = p = f (1/2) (X/P), 
where X is the exposure wavelength. When the distances a, P are expressed as f sin (p, sin 9 = X/2P. This Is 
identical with the numerical value explained in Fig. 40. Hence, the plurality of exit portions are provided, and 
the respective central positions of the Individual exit portions are on the line segments La, Lp. On this assump- 
tion, it follows that the two diffracted light components Le., the Oth-order diffracted light component generated 

10 from the illumination light coming from the respective exit portions and any one of the (±) primary diffracted 
light components pass through the position having almost equal distances from the optical axis AX on the pupil 
surface 51 of the projection optical system with respect to the line-and-space patterns. Therefore, as discussed 
above, the focal depth with respect to the line-and-space patterns (Fig. 15A) can be maximized, and the high 
resolving power Is also obtainable. Note that one exit portion (surface iltumlnant) to be formed on the line seg- 

15 ments La, Lp may suffice if a positional deviation concomitant with the defocus of the wafer 30 is ignored. 

Next. Fig. 15C shows a case where the reticle pattems are so-called isolated spatial pattems, wherein Px 
Is the X-dlrectlonal (crosswise) pitch of the pattems, and Py is the Y-directlonal (vertical) pitch thereof. Fig. 1 5D 
is a diagram Illustrating the optimum position of the exit portion In that case. The positional/rotational relation- 
ship associated with Fig. 1 5C are the same as those of Figs. 1 5A and 1 5B. As seen in Fig. 15C, when the illumi- 

20 nation light falls on the two-dimensional pattems, the diffracted light components are generated in the 
two-dimensional directions conresponding to periodicity (X : Px, Y : Py) in the two-dlmensional directions of the 
pattems. Even in the two-dimensional pattems shown in Fig. 15C, if tiie Oth-order diffracted tight component 
and any one of the (±) primary diffracted light components in the diffracted light have almost equal distances 
from the optical axis AX on the projection optical system pupil surface 51, tiie focal depth can be maximized. 

25 in ttie patterns of Fig. 15C, the X-dlrectlonal pitch Is Px. Therefore, as shown in Fig. 15, If the centers of the 
respective exit portions are on the line segments La, Lp defined such as a = p = f (1/2) (X/Px), the focal deptii 
can be maximized with respect to the X-dlrectlonal elements of the patterns. Similarly, If the centers of tiie res- 
pective exit portions are on line segments Ly, 1^ defined such as y = e = f (iy2) (y/Py), the focal depth can be 
maximized with respect to the Y-directional elements of the pattems. 

30 When the illumination luminous fluxes corresponding to the exit portions disposed in the respective posi- 
tions shown thus in Figs. 1 5B and 1 5D are incident on the reticle pattems 28, tiie Otii-order diffracted light com- 
ponent Do and any one of a (+) primary diffracted light component Dp and a (-) primary diffracted light 
component Dm pass through tiie light paths having the equal distances from optical axis AX on the pupir surface 
51 wiUiin tiie projection optical system 29. Consequentiy, as stated in conjunction with Fig. 4, it is possible to 

35 actualize a projection type exposure apparatus with a high resolving power and a large focal depth. Only two 
examples of the reticle pattems 28 shown in Figs. 15A and 15B have been considered so far. Even in other 
pattems, however, the attention is paid to the periodicity (degree of fineness) thereof. The respective exit por- 
tions may be disposed in such positions that two luminous fluxes i.e., the Oth-order diffracted light component 
and any one of the (+) primary diffracted light component and the (-) primary diffracted light component travel 

40 tiirough the light paths having the substantially equal distances fromsthe optical axis AX on tiie pupil surfece 
51 within the projection optical system. Provided in tiie pattern examples of Figs. 15A and 15C are the pattems 
having a ratio (duty ratio), 1 : 1 , of tiie line portion to the spatial portions. Consequentiy, (±) primary diffracted 
light components beconfie intensive in the diffracted light generated. For this reason, the emphasis is placed 
on the positional relation between one of tiie (±) primary diffracted light components and tiie Oth-order diffracted 

45 light component In the case of being different from the duty ratio of 1 : 1, however, the positional relation be- 
tween other diffracted light components, e.g., one of (+) secondary diffracted light components and the Otti-or- 
der diffracted light component may be set to give the substantially equal distances from the optical axis AX on 
tiie projection optical system. 

If the reticle pattems 28, as seen In Fig. 15D, contain the two-dimensional periodic patterns, and when pay- 

50 ing the attention to one specific Otii-order diffracted light component, there probably exist higher-order diffracted 
light components than tiie primary light components which are distributed in the X-direction (tiie first direction) 
and In the Y-direction (the second direction) about the single Oth-order diffracted light component on the pupil 
surface 51 of tiie projection optical system. Supposing that the Image of tiie two-dimensional pattems Is fonmed 
well witti respect to on specific Oth-order diffracted light component, tiie position of th specific Oth-ord rdlf- 

55 firacted light component may be adjusted so ttiat three light components i.e., one of the higher-ord r diffracted 
light compon nts distributed in the first direction, one of the higher-order diffract d light compon ntsandon 
specific Otii-crder diffracted light component are disbibuted at the substantially qual distances from the optical 
axis AX on tiie-pupil surface 51 of th projection optical system. For instance, tiie centi-al position of tti exit 
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portion in Fig. 15D is arranged to coincide with any one of points P^, Pii, Pk, P\i. The points P^, P^, Pk. P^ 
ar ail intersections of the line s gm nt La or Lp (the optimum position to the X-directionai periodicity, I.e.. the 
position in which Ih Oth-order difftacted light component and one of the (±) primary diffracted light components 
in the X-direction have the substantially equal distances from the optical axis on the pupil surface 51 of th 
projection optical system) and line segments, Ly. I-e (the optimum positions to the Y-direction periodicity). There- 
fore, those positions are the light source positions optimal to either the pattern direction X or the pattern direction 
Y. 

Presumed in the atx>ve-described arrangement are the patterns as two-dimensional patterns having the 
two-dimensional directivities at the same place on the reticle. The aforementioned method is applicable to a 
case where a plurality of pattenas having different directivities exist In different positions in the same reticle pat- 
terns. 

Where the patterns on the retide have the plurality of directivities and degrees of fineness, the optimum 
position of ttie secondary lllumlnant image, as explained eariler, corresponds to tiie respective directivities and 
degrees of fineness of the patterns. AKematively, however, ttie secondary lllumlnant Image may be in the aver- 
aged position of ttie respective optimum positions. Besides, this averaged position may also undergo load 
averaging in which a weight corresponding to the significance and degree of fineness of the pattem is added. 

(One or a plurality of) luminous fluxes with which the reticle 27 is inradiated are incident on the reticle 27 
with an inclination to the optical axis AX of ttie projection optical system 29. At ttils time, if tfie direction of the 
light quantity gravity of those illumination luminous fluxes is inclined to the optical axis AX, there arises such 
a problem that the position of a transfen-ed image shifts in the intra-wafer-surface directbn during minute 
defocusing of tfie wafer 30. To prevent tills problem, ttie direction of ttie light quantity gravity of ttie illumination 
luminous fluxes distributed on the Fourier transfbnfn surface is made perpendicular to the reticle patterns 28, 
l.e., parallel to tiie optical axis AX. For example, where ttie optical fibers are employed as a luminous flux trans- 
form member, ttie arrangement is effected to make zero a vector sum (integration) of a product of the exit por- 
tion's position (positional vector within the Fourier transfonn surface from the optical axis AX of the gravity of 
tfie light quantity distribution created by ttie exit portions) and tfie transmission light quantity. Note that when 
using the diffraction grating pattem plate 12 as a member for fonning the light quantity distribution on ttie Fourier 
transfonn surface, this condition is automatically satisfied. The following is a definite example of the above- 
mentioned distribution of the illumination light quantity. The number of luminous fluxes is set to 2m (m Is the 
natural number), and positions of tiie m-number luminous fluxes are arbiti-arily set, while positions of remaining 
m-numbered luminous fluxes may be set in symmetty witii respect to ttie optical axis AX and tiie former m- 
numbered luminous fluxes as well. 

Besides, the exit surfaces of ttie exit portions 35a. 35b may be fonned with aperture stops for regulating 
ttie apertures and with tight scattering membere such as diffusion plates, etc. 

The number of the plurality of the exit portions is not limited to 4 but may be artsitrarily set corresponding 
to ttie reticle patterns 28. For Instance, ttiree pieces of exit portions are available. The center of a single piece 
of secondary illuminant image formed by one exit portion is set in the position eccentric by a quantity con-e- 
sponding to the reticle patterns 28 firom ttie optical axis AX. The secondary illuminant Image may be changed 
depending on the time. 

In addition, if necessary, ttie reticle 27 may be anranged so as not'to undergo an irradiation of the illumh 
natlon light from specific one of the exit portions. For example, supposing ttiat a broken line circle 50A In Fig. 
13 is fonned corresponding to a size of ttie pupil surface 51 of the projection optical system 29, the light shielding 
member is provided outwardly of tills broken line circle 50A in combination with tfie Fourier transform surface 
50 (Fig. 1) of ttie illumination system. When the unnecessary exit portions retreat to tills light shielding portion 
(outside the broken line circle 50A of Fig. 13), it is possible to obtain a desired number of exit portions. 

A diameter (numerical aperture of one beam of illumination light on the Fourier Iransfonm surface of the 
illumination system) of opening of each exit portion is preferably set so ttiat a so-called 6-value (a ratio of the 
numerical aperture of tiie illumination optical system which is estimated in the projection optical system to the 
numerical aperture of ttie projection optical system) becomes approximately 0.1 to 0.3 per luminous flux. If the 
a-value is 0.1 or under, ttie image fidelity declines, whereas If tills value is 0.3 or above, the Increasing efltect 
of the focal depth is reduced. 

Fig. 16 Is a diagram schematically illustrating a construction of the projection type exposure apparatus In 
accordance with a second embodiment of tills Invention. The principal configuration of the aligner is the same 
as that of Fig. 1. Th same membere as those in Fig. 1 are mark d with th same reference numbers. In ttiis 
mbodlment, the means forfonning an arbitrary light quantity distiibution on ttie Fourier transfonn surface invol- 
V s ttie us of a movable optical member such as a r flection mirror and ttie like in place of ttie luminous flux 
distributing member used In the first embodiment 

The lens system 4 is irradiated with a luminous flux L1 mitted from tii light source 1 via ttie elliptical mirror 
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2. The luminous flux L1 is shaped into a substantiaiiy coilimated luminous flux L2 by m ans of the lens syst m 
4andb comes a luminous flux L3 through the fly y lens 7 and the ap rture stop 8. A reflector 54 is irradiated 
with the luminous flux L3 via the lens system 1 1. A field stop 20 is irradiated with a luminous flux L4 reflected 
by th reflector 54 through lens systems 1 5, 19. Further, a half-mirror 24A is in-adiated with a luminous flux L5 

5 passing through the filed stop 20 via a lens system 22. The luminous flux L5 reflected by the half-min-or 24A 
then falls on the reticle 27 at a predetemiined incident angle through a lens system (principal condenser lens) 
26. The configuration towards the wafer from the lens system 26 is the same as that of Fig. 1 (the first embo- 
diment), the description is therefore omitted. Note that the aperture stpp 8 is a stop for detennining a coherent 
factor a of the illumination luminous flux as in the first embodiment 

10 On the other hand, the luminous flux penetrating the half-minor 24A is condensed by a lens system 56 
and undergoes a photoelectric conversion in a light quantity meter 57 such as a semiconductor sensor and the 
like. A light quantity signal S obtained firom the light quantity meter 57 is transmitted as an electric signal to a 
control circuit 58. Based on the light quantity signal S, the control circuit 58 gives instmctions to a shutter drive 
unit 53 for driving a shutter 52 and to drive elements 55A, 55B for driving the reflector 54. When the shutter 

15 drive unit 53 is operated, the luminous flux 2 is cut off by the shutter 52. thereby stopping the exposure. Note 
that this embodiment has a construction to control the shutter drive unit 53 and the drive elements 55A. 558 
by use of the light quantity meter 57. The effects of the present invention are not varied by the arrangement 
that the control is performed simply in accordance with the exposure time without providing the light quantity 
meter 57. 

20 Based on the construction given above, the incident surface of the fly eye lens 7, the field stop 20, the reticle 
patlems 28 (pattern surfaces) of the reticle 27 and the wafer 30 are conjugate to each other. Further, the exit 
suri'ace of the fly eye lens 7, the Fourier transfonm surface 50 of the retide 27 and the pupil surface 51 of the 
projection optical system 29 are also conjugate to each other. 

Note that for making the illuminance on the reticle surface 27 homogeneous, the incident surface of the fly 

25 eye lens 7 is positioned to have an image fonming relation with the reticle 27. On the other hand, the exit surface 
of the fly eye lens 7 is positioned con-esponding to the Fourier surface (pupil surface) with the reticle patterns 
28 of the reticle 27 serving as object surfaces. 

The reflector 54 is, as described above, in the position substantiaiiy conjugate to the reticle 27 and rotatable 
about two axes orthogonal to each other on. e.g., a reflecting surface, the reflector 54 is rotated by the drive 

30 elements 55A, 55B such as motors, piezoelements and the like. 

Tuming to Fig. 16, the reflected light L4 traveling towards the luminous flux L4a is shown by a solid line. 
The reflected luminous flux L4a is allowed to travel in the direction of. e.g.. a luminous flux L4b by changing a 
rotary angle of the reflector 54. That is, one secondary illuminant image at the exit end of the fly eye lens 7 is 
shifted on the Fourier transform surface 50. It is also, as a matter of course, possible to provide a component 

35 movable in the direction perpendicular to the sheet of Fig. 16. 

In the thus constructed exposure apparatus, the reflector 54 is driven by the drive elements 55A, 55B and 
set in predetermined positions. Thereupon, the luminous flux L4 whose principal beam is coaxial with the optical 
axis AX of the illumination optical system is changed into luminous fluxes L4a. L4b whose prindpal beams are 
indined to the optical axis AX. These luminous fluxes L4a, L4b are condensed respecth^ely In positions different 

40 from the optical axis AX in the vidnity of the Fourier transfonm surface 50 of the retide 27. For this reason, a 
luminous flux L5 (corresponding to the luminous flux L4a) with which the retide 27 is Irradiated is obliquely inci- 
dent on the retide 27. As explained in Fig. 41 . the high resolving power and the large focal depth are attainable. 
Supposing that an illumination luminous flux L5a for illuminating the retide 27 is always inddent on the retide 
27 at a constant incident angle, however, the light quantity gravity (in other words, the principal beam of the 

45 luminous flux L5a) in the incident direction of the luminous flux L5a by which the image is formed on the wafer 
30 comes to assume a slant state (non-telecentric state) to the wafer 30. Namely, it may happen that the image 
position deviates sideways within the wafer surface with a minute deviation (defocus) of the wafer 30 in the 
direction of the optical axis AX. Taken in this embodiment is such a measure for preventing this lateral deviation 
that the incident angle of the illumination luminous flux on the reticle 27 Is changed by the reflector 54. Hence, 

50 after perfomiing the illuminatton with a predetenmlned amount of exposure by use of the luminous flux L5a inci- 
dent at a certain inddent angle 9, and thereafter the reflector 9 is moved. The Olumlnatfon is effected this time 
to have the same amount of exposure as the above-mentioned by using the luminous flux L5b incident at an 
inddent angle -<p. The lateral deviatk)n of the light quantity gravity inddent on the wafer from a nonnal line of 
the wafer surface is thereby offs t with th exposure at inddent angle +<p and the exposure at the Incident angle 

55 Hp. The projection type exposure apparatus in this mbodiment is provided with the light quantity meter 57 for 
m asuring the quantity oflight with which the retid isinradiat d.ltisth r for f asible to easily make constant 
th exposure quantity at th inddent angi +9,and the exposure quantity at the inddent angle -9 and further 
equalize these valu s. Even In th caseof contrdling ttie xposure time inst ad of providing tii light quantity 
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meter, it is similarly possibl to mak the respective exposur quantities constant and qualize thes valu s. 
An arbitrary light quantity distribution on the Fourier transfonm surface 50 can be formed in this manner by use 
ofth movable reft ctor. 

In accordance with this embodiment, th r fleeter 54 defined as a movable optical member existing in the 
5 position substantially conjugate to the reticle 27 is moved. It can be therefore considered that If the field stop 
20 is disposed closer to the light source than the reflector 54, a positional relation between the reticle 27 and 
the field stop 20, though small, deviates with the movement of the reflector 54. Hence, the field stop 20 is desi- 
rably is placed closer to the reticle 27 than the reflector 54. 

If there is an insufficient compensation of chromatic aben^tion of the optical elements in the projection opti- 
10 cal system 29 and the illumination optical system (from the lens system 26 to the light source 1 in the Figure), 
a wavelength selecting element such as a band-pass filter is used in the Illumination luminous flux. e.g.. the 
luminous flux L2. Alternatively, the reflection member such-as the elliptical mirror 2 may Involve the use of a 
multilayer dielectric minror to enhance a reflectivity of only the speclflc wavelength. 

It Is to be noted that even in the case of transferring circuit patterns by the projection type exposure 
15 apparatus in this embodiment, as in the first embodiment, the ratio, I.e.. a so-called coherent factor a, of the 
numerical aperture of the illumination luminous flux to the numerical aperture on the part of the photo mask of 
the projection optical system is preferably 0.1 to 0.3. Hence, the fly eye lens 7 and the aperture stop 8 are set 
so that <j = 0.1 to 0.3. 

Fig. 1 7 is a diagram depicting a configuration of a variant fonm 1 of the projection type exposure apparatus 

20 in this embodiment This variant fonm employs a lens system as a movable optical member. However, the con- 
structions toward the light source from the fly eye lens 7 and toward ttie reticle ft-om the Fouriertransfbnm surface 
(pupil surface of the illumination optical system) 50 are the same as those in Fig. 16, and the description is 
ttierefore omitted. The luminous flux emerging from the fly eye lens falls on a lens system 59a having a positive 
power via the lens system 1 1 on a lens system 59b having a negative power. The lens systems 59a, 59b are 

25 disposed In dose proximity to the surface conjugate to the reticle 27. A sum of the powers of the lens systems 
59a. 59b becomes 0. The lens systents 59a. 59b are movably respectively by the lens drive members 55c, 55d 
within tiie surface vertical to tfie optical axis AX. The luminous flux penetrating the lens systems 59a, 59b mov- 
ably by ttie drive members 55c. 55d becomes a luminous flux having ttie principal beam different from the optical 
axis AX of the illumination optical system. The luminous fluxes is condensed in a positbn different from the 

30 optical axis AX on the Fourier transform surface 50. 

Referring to Fig. 1 7. tiie lens systems 59a. 59b are moved almost an equal distance in the direction opposite 
to the optical axis. As a result, ttie luminous flux penetrating the lens systems 59a, 59b Is Inckient on the lens 
system 15 at a gh^en angle Inclined to the optical axis AX. If ttie positions of the lens systems 59a. 59b are 
changed by ttie lens drive membera 55c 55d, tiie luminous flux exited can e oriented in an arbitrary direction. 

35 Note that the lens drive membera 55c, 55d are controlled by a control circuit 58. 

A new lens system having a positive power is disposed closer to the reticle 27 than the lens system 59b 
and movably by the lens drive member. Furtiier. a total of powers of the lens systems 59a, 59b and of the newly 
added lens system having ttie posith^e power may be arranged to be 0. Simllariy, a lens system having a nega- 
tive power is disposed closer to ttie light source than the lens system 59a. A total of powers of the lens systems 

40 59a, 59b and of ttie newly added lens system having the negative power«fnay be also arranged to be 0. Note 
ttiat ttie arrangement of the lens system In which that positk)n is variable Is not limited to only ttie combinations 
given above. A penmissible arrangement is that the lens group composed of a plurality of lens elements has a 
power total of 0, and the illumination luminous flux can be oriented In an arbitrary dlrectk>n by moving ttie res- 
pecth^e lens elements. The lens elements to be driven are not specified. Simllariy, the lens elements capable 

45 of orienting the Illumination luminous flux in an arbitrary directfon are satisfactory. 

Fig. 18 is a diagram schematically Illustrating a second variant fonm of the projection type exposure 
apparatus in this embodiment. In ttiis variant form, ttie movable optical element involves the use of a photo 
transmitting means such as fibers. An arbitrary light quantity distribution is formed on ttie Fourier transform sur- 
face. However, the constructions toward ttie light source from ttie fly eye lens 7 and toward ttte reticle from the ' 

50 lens system 1 9 are the same as those in Fig. 1 6. and ttie description Is therefore omitted. The Fourier transform 
surf'ace 50 is linked via ttie photo transmitting nwans such as optical fibere 80 to the exit side of tiie fly eye 
lens 7. Hence, the exit surface of the fly eye lens 7 corresponds to the Fourier transform surface 50. The exit 
side of ttie optical fibere 60, l.e., the portion on the side of tiie Fourier transform surface 50, is movable by a 
drive m mber 55e. The illumination luminous flux (iliuminant image) can be thereby distributed in arbitrary posi- 

55 tions witiiin the Fourier b^nsfonm surface 50. The drive member 55e is, as in the same way witti ttie variant 
form 1 of tills embodiment, controlled by th control circuit 58. 

Next, an exposur m Uiod by use of th xposure apparatus in th second embodiment will b described 
with reference to Figs. 19A and 19B. 
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Figs. 1 9A and 1 9B are flowcharts each showing the exposure method in the embodim nt of this invention. 
A drff rence b tween Figs. 1 9A and 1 9B lies in whether th xposure is stopped or not when driving the reflector 
54. In advene of the xposure, th shutt r 52 is in such a status as to cut off the luminous flux L2. Determined 
herein ar the numb r of positional chang s of the reflector 54, coordinates of the respective positions of th 
5 reflector and exposure quantities for the respective coordinates (step 1 01 ). As stated before, however, rf a so- 
called light quantity gravity of the illumination light when the luminous flux L5 corresponding to each position 
of the reflector 54 falls on the reticle 27 deviates from the optical axes AX of the illumination optical system 
and the projection optical system 20. there exists a possibility of causing a lateral deviation of the transfered 
Image due to a very small defocus of the wafer 30. It is thus required to determine the respective positions of 

10 the reflector 54 and the illumination light quantities (exposure quantities) for illumination according to the res- 
pective positions of the reflector 54 so that the light quantity gravity coincides with the optical axis AX. This 
may be accomplished by detenmining, when one pattern exposure is completed by efTecting 2m-time (m Is the 
natural number) exposing processes, the coordinates of the reflector 54 effecting the nn-time exposures thereof. 
Further, the coordinates of the reflector effecting the remaining nvtime exposures may be set In symmetry with 

IS respect to the optical axis AX and the incident luminous flux in a case where the incident luminous flux is 
associated with the former nrvtime exposures. Incidentally, a method of detemiining the coordinates of the ref- 
lector 54 which Is perfomfiing the exposing processes at respective angles In a plurality of positions n^ay be 
prescribed so that the light quantity distribution (positional coordinates of the luminous fluxes) on the Fourier 
transform surface 50 has the conditions explained in the first embodiment with reference to Figs. 14 and 15. 

20 More specifically, the position of the reflector 54 may, when transfenring the patterns depicted in Fig. 15A, be 
determined so that the center (principal beam) of the illumination luminous flux L4a or L4b reflected by the ref- 
lector 54 coincides on the line segment lja or 1.^ on the Fourier transfbmi surface 50. When transferring the 
patterns shown in Fig. 15B, the central position of the illumination luminous flux reflected by the reflector 54 
may be determined to coincide on the line segment La or Lp and the line segment Ly or Le. The optimum position 

25 in this case Includes four points P^. Pt\, Pk, P\i. 

Next, operating instructions are issued from the control circuit 58 to the drive members 55a. 55b, and the 
reflector 54 is set in a predetermined first position (step 102). The operator inputs the first position by means 
of an input unit incorporated into the control circuit 58. Alternatively, the control circuit 58 is allowed to detemiine 
the first position of the reflector 54 on the basis of the infomnation on the circuit patterns 28 on the reticle 27, 

30 the Information being inputted by the operator through the Input unit A necessary total exposure quantity E is 
likewise inputted by the operator through the input unit The control circuit 58 is, even when being inputted by 
tiie operator, penmltted to decide specific degrees of exposures which are effected in the respecth/e positions 
of the reflector 54. As in the first embodiment, the infonmation described above may be obtalned-by reading 
the bar codes BC provided on the mask. 

35 Subsequently, the action enters the actual exposing process. The reflector 54 is almost fixed in the first 
position previously detennined. In this state, the control circuit 58 issues an instruction of "Open shutter" to the 
shutter drive unit 53. A shutter 52 is opened, and the exposure isstarted (step 103). The reticle is illuminated 
with the illumination luminous flux. Consequently, the reticle patterns 28 are transfen-ed on the wafer 30. At 
this moment, some illunhinatlon luminous fluxes passing through the half-mirror 24Aare received and converted 

40 photoelectrically by the light quantity meter 57. When an Integrated value oHhe light quantity signa' S thereof 
reaches a predetermined value, I.e., an exposure quantity corresponding to the previously detennlned first posi- 
tion (step 104), or just before reaching that value, the control circuit 58 gives the operating instructions to the 
drive members 55a, 55b. The position of the reflector 54 is thereby changed to a ^redetermined second position 
(step 1 05). Note that when the integrated value (Integrated light quantity) of the light quantity signal S. as shown 

45 In Fig. 19B, reaches the predetenfnlned value, the shutter 52 is temporarily stopped (step 105a). The reflector 
54 is moved after stopping the exposure. The reflector 54 is substantially fixed In the predetenmlned position, 
and. thereafter the shutter 52 is opened (step 105b). Then, the exposure may resume. 

When the integrated value of the light quantity signal S comes to the predetennined value in the second 
position of the reflector 54 (step 1 06), or just before reaching this value, the reflector 54 Is moved in the same 

so nrtanner as before. The reflector 54 is substantially fixed in a third position, and tiie exposure continues. At tills 
time also, tiie shutter 52 is temporarily closed as in tiie previous case, and the exposure may be stopped. 

Thereafter, the posltton of the reflector 54 is likewise changed to m-numbersd positions, thus performing 
tiie exposures. When the Integrated value of the light quantity signal S somes to tiie preset total exposure quan- 
tity E in th nrvtii position of the refl ctor 54 (step 107). tiie shutt r 52 is dosed, thus completing tiie exposure. 

55 Incidentally, where Ei, E2 E„,(i:Ei = E.1 ^i^m)ar the xposure quantities in th respective positions, 

til exposur in the first position is end d when ttie integrated value of the light quantity signal S reaches Ei 
orjustbefor reaching it. Th xposure in tiie s cond position is end d when tiie integrated value reaches (Et 
-»■ E2) or just before reaching it. Nam ly, th exposure In the arbitrary n-tti position among the exposures in the 
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first through nrvth positions comes to an end when the int grated valu r aches £ Ei (1 ^ i ^ n). 

Adopted is a method of stopping the xposure by closing the shutt r 52 during a movem nt of the reflector 
54. In this case, the integrated value is reset to 0 during a stoppage of the exposure. Thereafter, the exposure 
resumes, and when the integrated valu of the light quantity signal S reaches the predetermined value En, th 

5 exposure in the arbitrary n-th position may be ended. 

The exposures In accordance with the second embodiment of this Invention are thus completed. Therefore, 
the wafer 30 is earned In parallel within the surface vertical to the optical axis AX by a wafer stage 31 . The 
exposures may be newly effected in other exposure regions of the wafer 30. Besides, the exposures may be 
perfbmned in the exposed region by replacing the reticle 27 while superposing other circuit patterns thereon. 

10 Note that when newly effecting the exposures in other positions of -the wafer 30» the sequence of positions of 
the reflector 54 may be so reversed as to start with the nrv-th. position and end up with the first position. 

Based on the above-described exposure method, the reflector 54 is moved while making the exposure con- 
tinue. In this case, the Illumination light emerging from directions other than the predetermined one is incident 
on the reticle 27 during the movement of the reflector 54. This causes a possibility where the effects to obtain 

15 the foregoing high resolving power and large focal depth will decline. For preventing this, a space filter having 
transmissive portions only In predetermined positions is provided in the vicinity of the Fourier transform surface 
50 between the lens systems 15, 19 shown in Figs. 16. In this spatial filter, the transmissive portions are fomied 
in the predetermined positions eccentric from the optical axis AX on the Fourier transform surface 50, while 
the light shielding portions are formed in other positions. The predetemrtined positions of the transmissive por- 

20 tlons are those through which the illumination luminous fluxes L4a, L4b generated from the reflector 54 in the 
respective positions for obtaining the desired resolving power and focal depth pass above the Fourier transform 
surface 50. Diameters of the respective transmissive portions serve to detemnine <r-values of the individual 
illuminatton luminous fluxes. Hence, this diameter is optically equivalent to the aperture stop 8 on the surface 
of the exit side of the fly eye lens 7 which has been previously determined; viz., the diameter is set considering 

25 a relation in magnification t)etween the surface (conjugate to the Fourier transform surface 50) on the exit side 
of the fly eye lens 7 and the Fourier bansform surface 50. The diameter of the specific transmissive portion 
may be smaller than the abK)veHTtentioned (equivalent) diameter. Namely, the o-value of the specific luminous 
flux among the luminous fluxes Incident on the reticle 27 may be decreased. 

A light scattering member such as a lemon skin filter and the like may be provided on the Fourier transform 

30 surface 50. This light scattering member is capable of making unsharp defects and dusts on the movable optk^l 
member. It is therefore possible to prevent the uneven ness of iluminance on the reticle 27 which is caused by 
the dusts and defects. Note that an Image fomning relation between the reticle 27 and the movable optical mem- 
ber (reflector 54) becomes unsharp due to the light scattering member but does not exert any adverse Influence 
on the effects of the present inventk)n. 

35 A third embodiment of the present invention will next be explained with reference to the drawings. In accord- 
ance with the first and second embodiment described above, the luminous flux transfonm member for forming 
an arbitrary light quantity distribution on the Fourier transfonm surface and the movable optical member are inter- 
posed t>etween the reticle and the optical integrator of the fly eye lens or the like. In this embodiment, however, 
the luminous flux transform member and the movable optical member are interposed between the optical integ- 

40 rator and the light source, thereby improving the illuminance homogenizing efi^ct. 

Fig. 20 illustrates an outline of a projection type exposure apparatus (stepper) suitable for the third embo- 
diment of this invention. Provided is a diffraction grating pattern plate 12 as an optical member (a part of an 
input optical system of this inventk>n) for concentrating the illumination light on a light-source-side focal surface 
72a of a fly eye lens 72. Note that the same members as those in the first and second embodiments are merited 

45 with the tike symbols. 

The illumination luminous fluxes emerging from the mercury lamp 1 are condensed at a second focal point 
of the elliptical mirror 2. Thereafter, the diffraction grating pattern plate 12 is inradiated with the condensed lumi- 
nous flux via a mirror 6 and a lens system 71 of a relay system. An illumination method at this time may be the 
Kohler illumination method or the critical illumination method. However, the critical Illumination method is desl- 

50 table in tenns of obtaining a more intensive light quantity. The diffracted light generated from the diffraction 
grating pattem plate 12 is incident in concentration on the position eccentric from the optical axis AX of the 
light-source-side focal surface 72a (incident surface) of the fly eye tens 72 with the aid of the relay lens 73. It 
is herein assumed that the Oth-order and (+) primary dHFiracted light components are generated. At this moment, 
the light-source-side focal surface 72a of th fly eye lens 72 and the diffraction grating pattem plate 12 have 

55 substantially a Fourier transform r lation through the relay lens 71. Note that the illumination light on the dif- 
fraction grating pattem plate 12 Is illustrat d as collimat d luminous fluxes in Fig. 20, but th y are actually div- 
ergent luminous fluxes. Hence, the luminous flux incident on th light-source-skle focal surface 72a of the fly 
eye lens 72 has a c rtain magnitude (thickness). Correspondingly, the exit luminous flux firom a reticle-side 



19 



EP0 486 316 A2 

local surface 72b of the fly ye lens 72 In accordance with the incid nt light flux on the light-source-side focal 
surface 72a also has a certain magnitude. 

On th other hand, the r tfcl -sid focal surface 72b of the fly ey lens 72 is so disposed as to be substan- 
tially coincident with the Fouri r transform surface (pupil conjugate surface) of the retid patterns 28. 

5 The respective lens elements of the fly eye lens 72 depicted in Fig. 20 are double convex lens elements, 
shown therein is a case where the light-source-side focal surface 72a coincides with the incident surface, and 
the reticle-side focal surface 72b coincides with the exit surface. The lens elements of the fly eye lens do not 
strictly fulflll this relationship. Those lens elements may be plane-convex lens elements, convexo-plane lens 
elements or plane-concave lens elements. The fly eye lens is composed of one or more lens elements. 

10 Note that the tight-source-side focal surface 72a of the fly eye lens 72 and the reticle-side focal surface 
72b have, as a matter of course, the Fourier transform relation. Hence, in the example of Fig . 1 , the retlde-side 
focal surface 72b of the fly eye lens 72, i.e., the fly eye lens exit surface, has the image fonming (conjugate) 
relation with the diffraction grating pattern plate 12. 

Now, the retide 27 is illuminated to have a homogeneous illuminating distribution with the luminous flux 

15 emerging flnom the retlde-side focal surface 72b of the fly eye lens 72 via condenser lenses 74, 75 and a minror 
24. In accordance with this embKxiiment, the spatial filter 16 composed of a metal plate or . the like and bored 
with two openings corresponding to the (±) primary diffracted light components from the diffraction grating pat- 
tern plate 12 is disposed in the vicinity of the retlde-side focal surface 72b (exit side) of the fly eye lens 72. 
The Oth-order diffracted light component flrom the diffraction grating pattern plate 1 2 is thereby cutoff. The iliumi- 

20 nation light with which the retide patterns 28 are illuminated are therefore limited to the one having two sec- 
ondary illuminant images in the positions eccentric from the optical axis AX on the retide-side focal surface 
72b of the fly eye lens 72. The diffraction grating pattern plate 12 is employed as an optical member for con- 
centrating the illumination light on the light-source-side focal surface 72a of the fly eye lens 72. Formed are 
the two secondary illuminant images symmetric with respect to the optical axis AX. Hence, the illumination light 

25 with which the retide patterns 28 are illuminated are limited to only the luminous fluxes having specific incident 
angles on the retide patterns 28. As discussed above, the image of the diffraction grating pattem plate 12 is 
fomied on the retlde-side focal surface 72b of the fly eye lens 72. The retlde-side focal surface 72b and the 
retide pattem surfaces 28 have the Fourier transfonn surface relation. This eliminates such possibilities that 
the Image of the diffraction grating pattern plate 1 2 itself is formed on the retide 27 to deteriorate the illuminance 

30 homogeneity, and further there is produced the ununiformity due to the dusts and the defects of the diffiraction 
grating pattem plate 12. Note that the spatial filter 16 is provided in dose proximity to the light-source-side focal 
surface 72b of the fly eye lens 72, i.e., on the side of the exit surface of the fly eye lens 72; but this filter may 
be provided on the retlcle-side focal surtece 72a, i.e., on the side of the Incident surface. 

The diffinacted light generated from the retide patterns 28 on the thus Illuminated retide 27 is, as in the 

35 same way explained with reference to Fig. 40, condensed and image-formed by the telocentric projection optical 
system 29. The image of the retide patterns 28 is transfenred on the wafer 30. 

The diffraction grating pattem plate 12 may be not only the transmissive pattem plate similar to that in the 
first embodiment but also a reflective pattem plate. If the diffraction grating pattem plate 12 exhibits a reflective 
property, as illustrated in Fig. 21 , a reflective difhraction grating pattem plate 12A is, as depicted in Fig. 8, illumt- 

40 nated with the illumination luminous flux flrom the relay lens 71 . The diffiracted light reflected and diffracted the- 
rein may be inddent on the fly eye lens 72. The constructions toward the light source flrom the relay lens 71 
and toward the retide flrom the fly eye lens 72 are the same as those of Fig. 20. At this time, as In the first embo- 
diment, the Incident directions and incident angles of the illumination luminous fluxes (plural) Incident on the 
rstide patterns 28 of the retide 27 are determined depending on the retide patterns 28. The inddent directions 

45 and angles are ari)itrarily adjustable by changing directivities and pitches of the diffraction grating pattem plates 
12, 12A, For instance, diffraction grating patterns 5, 5a are replaced with those having different pitches, thereby 
making variable the illumination light incident on the light-source-side focal surface 72a of the fly eye lens 72 
and further making variable a distance of the secondary illuminant image from the optical axis AX on the rett- 
de-side focal surface 72b of the fly eye lens 72. It is therefore feasible to make variable the incident angle of 

so the illumination light on the retide patterns 28 of the retide 27. As in the flrst embodiment, when the diffraction 
grating pattem plates 12, 12A are made rotatable (e.g., through 90^) in an arbitrary direction within the surface 
vertteal to ttie optical axis AX, It Is possible to correspond to the case where the pitch direction of the llne-and- 
space patterns of the retide patterns 28 is different firom ttie directions x, y. Further, the relay lens 73 may come 
under a zoom 1 ns system (such as an afocal zoom xpander, eta) consisting of a plurality of lens elements, 

55 and ttie condensing position can b varied by changing the focal distance. At this time, howev r, it is required 
to k ep substantially th Fouri r transfomn r lation betw en the diffraction grating pattem plate 12 or 12A and 
the light=source-side focal surface 72a of the fly eye lens 72. The optical member for concentrating the Dlum*h 
nation light on the light-source-side focal surface 72a of the fly y lens 72 described above is not limited to 



20 



EP 0 486 316 A2 



th diffraction grating pattern plate 12 or 12A. 

As depicted in Fig. 22, th movable optical member shown in the second embodiment, e.g., a movabi 
plane mirror 54 is disposed instead of the reflectiv diffraction grating patt m plate 12A illustrated In Fig. 21. 
Provided also is a drive memb r 55a such as a motor for making th plane min-or 54 rotatable. The plane mirror 
54 Is rotated or oscillated by the drive member 55a. The illumination light is incident on the llght-source-side 
focal surface 72a of the fly eye lens 72, whereby the secondary illuminant image of the reticle-side focal surface 
72b of the fly eye lens 72 can be varied according to the time. If the plane mirror 54 is rotated to a plurality of 
proper angular positions during the exposing process, the secondary Illuminant image of the reticle-side focal 
surface 72b of the fly eye lens 72 can be formed in arbitrary configurations. Note that when using this type of 
movable reflection mirror 54. the relay lens system 73 may be omitted. By the way. the spatial filter 1 6 depicted 
rn Fig. 22 is provided on the side of the incident surfece of the fly eye lens 72 but may be, as in the same way 
with Fig. 20. provided on the side of the exit surface. 

The optical member for concentrating the illumination light on the light-source-side focal surface 72a of the 
fly eye lens 72 may involve the use of the beam splitter shown In Fig. 11 , the optical fibers of Figs. 12 and 19. 
the prism of Fig. 9, the plurality of mirrors of Fig. 10 and the optical member of Fig. 17. 

Fig. 23 is a schematic diagram wherein an optical fiber bundle 35 is employed. The constructions toward 
the light source firom the relay lens 71 and toward the reticle from the fly eye lens 72 are the same as those 
shown In Fig. 20. Respective exit portions 35a. 35b of the optical fiber bundle 35 are disposed in positions cor- 
responding to the reticle patterns 28 in the vicinity of the llght-source-side focal surfece 72a of tiie fly eye lens. 
At this time, lenses (e.g., field lenses) may be interposed between the respective exit portions 35a. 35b of the 
optical fiber bundle 35 and the fly eye lens 72. Further, there may be given ttie Fourier transfomi relation be- 
tween the light-source-side focal surface 72a of the fly eye lens and tiie light exit surfaces of the optical fiber 
exit portions 35a. 35b owing to the lenses Interposed therebetween. As in ttie first embodiment, the respective 
exit portions (or the lenses between ttie exit portions 35a. 35b and tiie fly eye lens 72) are made movable one- 
dimensionally or two-dimensional ly within tiie surface perpendicular to ttie optical axis by means of ttie drive 
member such as a motor, etc.. The illumination light incident on the llght-source-side focal surface of the fly 
eye lens is thereby made variable. The secondary illuminant image on the reticle-side focal surface 72b of the 
fly eye lens Is also made variable. 

Fig. 24 shows an example of using a prism 33 having a plurality of reflraction surfoces as an optical member 
for concentrating ttie Illumination light on tiie light-source-side focal surface 72a of the fly eye lens 72. The ill umi- 
nation lumlnousfluxes can be incident on ttie llght-source-side focal surface 72a of the fly eye lens 72 in accord- 
ance with refraction angles of the prism 33. The constructions toward tiie light source from the relay lens 71 
and toward ttie reticle firom the fly eye lens 72 are tiie same as tiiose of Fig. 20. The incident position of the 
aiumination luminous flux incident on the light-source-side focal surface 72a of the fly eye lens is made variable 
by replacing the prism 33. In place of the prism 33. a reflection mirror having differentiy-angled reflection sur- 
faces is used and, as illustrated in Fig. 22. disposed, ttiereby eliminating ttie necessity for tiie drive member 
55a. The device, as a matter of course, incorporates a function to exchange the prism and ttie like. When 
employing this type of prism also, the relay lens system 73 may be omitted. 

Fig. 25 shows an example where a plurality of minrora 34a - 34d are used as optical membere for condensing 
ttie tllummation light on the llght-source-side focal surface 72a of the fly eye lens^. The constructions toward 
ttie light source firom ttie relay lens 71 and toward the reticle firom ttie fly eye lens 72 are the same as ttiose of 
Fig. 20. Provided in the respecth^e minors 34a - 34d are position adjusting mechanisms and mechanisms for 
adjusting an angle of rotation about the optical axis AX by which a illumination light quantity distribution on the 
hght-source-slde focal surface 72a of the fly eye lens 72 is made arbitrarily variable. Besides, the prism 33 may 
be combined witti the movable plane minror 54 or with ttie mirrors 34a - 34d. 

Furttier, ttie optical member for concenttating tiie illumination light on ttie llght-source-side focal surface 
72a of the fly eye lens 72 may be replaced with the spatial filter 1 6 provided in ttie vicinity of the light-source-slde 
focal surface 72a of the fly eye tens. The components in the embodiments shown in Figs. 20 tiirough 25 may 
be combined witti the spatial filter 16. At this time, ttie number of openings of the spatial filter 16 is not 1 but 
may be arbitrary numbers conresponding to ttie reticle patterns 28. 

Fig. 26 Is a diagram depicting a constitjction of the projection type exposure apparatus in a further embo- 
diment of tills Inventfon. The mirror 24. the condenser lens 75. ttie reticle 27 and the projection optical system 
29 are the same as ttiose shown In Fig. 20. As a construction toward the light source from tiie fly eye lens 72 
any one of ttie examples shown in Figs. 20 through 25 and the exampi in which the spatial filter 16 is provided 
in the vicinity of ttie llght-source-side focal surfoce 72a of the fly eye I ns 72. A spatial filter 16A formed witti 
arbitrary op nings (Iransmlssrv portions, or furttier semitransmissiv portions) is provided in dos proximity 
to til r tide-Sid focal surface 72b of ttie fly ye lens 72. The Olumlnation luminous flux emerging from ttie fly 
ey I ns 72 IS thereby regulated. The Fourier transfomi surface of a retide-side focal surface 72b of til flyey 
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lens 72 with resp d to a relay I ns 76A Is defined as a conjugate surface to the retid patt ms 28, and h nee 
a variable field stop (reticle blind) 76 Is provided therein. The flluminatbn luminous flux is Fourier-transformed 
again by the relay I ns 76B and reaches a conjugate surface (Fourier surface) SOB of the reticle-side focal sur- 
face 72B of th fly ey lens 72. The above-mentioned spatial filter 1 6A may be provided on the Fourier surface 
508. The illumination luminous flux from the fly eye lens 72 is further guided to the reticle 27 with the aid of tlie 
condenser lenses 768, 75 and the mlnror 24. Note that if there exists a system for condensing the Illumination 
light on the position eccentric by a quantity from the optical axis which is determined corresponding to the reticle 
pattems 28 on the light-source-side focal surface 72A of the fly eye -lens 72. the spatial filter may not be dis- 
posed in the position of the optical member 16A or 508. 
In this case also, the field stop (reticle blind) 76 is usable. 

Shown » the example where the plural beams of illumination light come from the optical member for con- 
centrating the illumination light on the light-source-side focal surface 72a of the fly eye lens 72 described above. 
However, one luminous flux may be incident on the position eccentric by a predetermined quantity from the 
optical axis AX. For example, one exit portion of the fiber bundle 35 shown in Fig. 23 is prepared, while one 
luminous flux may be Incident on the light-source-side focal surface 72A of the fly eye lens 72. 

In all the embodiments of Figs. 20 through 26. a diameter of one opening of the spatial filters 16, 16A is 
desirably set so that a ratio, a so-called <T-value. of a numerical aperture for the reticle 27 associated with the 
illumination luminous fluxes penetirating the openings to a reticle-side numerical aperture (NAr) of the projection 
optical system 29 is approximately 0.1 to 0.3. 

For satisfying the condition of the a-value determined by one illumination luminous flux Incident on the light- 
source-side focal surface 72a of the fly eye lens 72, a function to make the 0-value variable may be given to 
an optical member for concentrating the illumination light on the llght-source-slde focal surface 72a of the fly 
eye lens and making variable a light quantity distributfon In the vicinity of the focal surface 72a in place of the 
spatial filter 16A disposed close to tiie reticle-side focal surface 72b of the fly eye lens 72. For instance, the 
spatial filter 16 is dispsoed on tfie light-source-side focal surface 72a of the fly eye lens, and tiie a-value per 
luminous flux may be determined by the diameter of tiie opening thereof. Ck)ncomitantly, it is possible to further 
optimize the a-value and NA In tiie fomi of the projectfon system by providing a variable aperture stop (NA regu- 
lating stop) in the vicinity of the pupil (incident pupil or exit pupil) 51 witiiin the projection optical system 29. 
The spatial filter 16 also exhibits an effect to shield unnecessary luminous fluxes among tiie fluxes generated 
firom tiie optical member for condensing the Illumination tight on the llght-source-slde focal surface 72a of the 
fly eye lens 72. This filter further exhibits an effect to reduce the quantity of light which reaches the wafer by 
decreasing a transmlsslvlty of the opening with respect to specific luminous fluxes. 

It is preferable to determine (change) the incident position (position of the secondary illuminant image on 
ttie light-source-side focal surface 72b of the fly eye lens 72) of (one or plural) illumination luminous flux(es) 
on the light-source-side focal surface 72a of tiie fly eye lens 72 in accordance witii the reticle patterns to be 
transferred. In this case, the method of detennlning the position is that, as stated eariier, the incident position 
(Incident angle <p) of the Illumination luminous flux from ttie fly eye lens 72 on the reticle pattems may be set 
to obtain the effect of improving the resolving power and focal deptti that are optimal to the degree of fineness 
(piteh) of the pattems to be transferred. A concrete example of the positional determination of the secondary 
illuminant image (surface illuminant image) Is tiie same as the detemiining method^xplained In the first embo- 
diment with reference to Figs. 14 and 16. It is assumed that tiie central position (the optimum position of the 
gravity of the light quantity distribution created by one secondary illuminant image) of one secondary Illuminant 
image is. as aiustrated in Fig. 158, on the Y-directional line segment La presumed within the Fourier transform 
surface. Alternatively, it is assumed that tiie centers of ttie respective secondary illuminant images are placed 
on artJitrary positions on the line segment Lp, or. as illusti-ated in Fig. 15D, on tiie line segments U, Lp defined 
such as a = p = f . (1/2). (X/Px) or on the line segments Ly, Le defined such is y = e = f • (1/2) - (VPy). Based 
on these assumptions, ttie focal depth can be maximized. As in the first embodiment, ttie Oth-order diffracted 
light component Do coming from the reticle pattems 28 and any one of the (+) primary diffracted light component 
Dp and ttie (-) primary diffracted light component Dm may be annanged to pass ttirough tfie light pattis having 
ttie equal distences from the optical axis AX on ttie pupil surface 51 wittiln the projection optical system 29. If 
ttie retk:le patterns 28, as seen In Fig. 15D, contein the tw<HJimenslonal periodic pattems, and when paying 
the attention to one specific Oth-order diffracted light component, ttiere probably exist higher-order diffracted 
light componente ttian ttie primary light components which are distributed in ttie X-direction (ttie first directfon) 
and in the Y-directbn (th s cond direction) about the single Oth-order diffracted light component on the pupil 
surface 51 of the proj ction optical system. Supposing that the image of ttie two-dimensional pattems is formed 
well witti respect to one specific Ottvorder diffracted light compon nt ttie position of tti specific Oth-order dif- 
fracted light component may b adjusted so ttiat ttiree light componente i.e.. one of the higher-order diffracted 
light componente distiibuted in tti first direction, one of ttie higher-order diffiracted light componente distilbuted 
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in the second direction and on specific Oth-ord r diffracted ilght compon ntar distributed at th substantially 
equal distances from the optical axis AX on the pupil surface 51 of th projection optical system. For instance, 
th central position of the exit portion in Fig. 1 5D is arrang d to coincide with any on of points P^, Pi^, Pk, P\i. 
The points Pl^, Pii, Pk, P^ are ail inters ctions of the line segment Lxi or Lp (th optimum position to the X- 
directional periodicity, i.e., the position in which the Oth-order diffracted light component and one of the (±) prim- 
ary diffracted light components in the X-direction have the substantially equal distances from the optical axis 
on the pupil surface 51 of the projection optical system) and line segments Ly; U (the optimum positions to the 
Y-directional periodicity). Therefore, those positions are the light source positions optimal to either the pattem 
direction X or the pattem direction Y. 

Note that in this embodiment, an arbitrary light quantity distribution can be. as In the first embodiment, for- 
med on the Fourier transfonm surface by controlling the luminous flux transform member and the movable opti- 
cal member on the basis of the information of bar codes and the like. 

A light scattering member such as a diffusion plate and an optical fiber bundle are provided in dose prox- 
imity to the llght-source-slde focal surface 72a of the fly eye lens 11, thereby homogenizing the illumination 
light Altematively. the illumination light may be homogenized by employing an optical Integrator such as a 
further fly eye lens (hereinafter refenred to as the other fly eye lens) separately from the fly eye lens 72 used 
in the embodiments of the present invention. At this time, the other fly eye lens is disposed preferably closer 
to the Ilght source (lamp) 1 than the optical member e.g., the diffraction grating pattem plate 12 or 12A shown 
in Figs. 20 and 21 for mailing variable the illumination light quantity distribution in-the vicinity of the light-source- 
side focal surface 72a of the fly eye lens 72. A sectional configuration of each lens element of the other fly eye 
lens Is desirably a regular hexagon rather than a square (rectangle). 

Fig. 27 illustrates a configuration ambient to a wafer stage of the projection exposure apparatus applied 
to the respective embodiments of this invention. A beam 80A obliquely strikes on an interior of a projection field 
region on ttie wafer 30 in the projection optical system 29. Provided is an auto-focus sensor of an oblique Inci- 
dence system which receh^es a reflected beam SOB. This focus sensor detects a deviation in the optical-axis 
direction AX between tiie surface of the wafer 30 and the best image fomning surface of the projection optical 
system 29. A motor 82 of a Z-stage 81 mounted with the wafer 30 Is servo-controlled so ttiat the deviation 
becomes zero. The Z-stage 81 is thereby moved slightiy in the vertical directions (optical-axis directions) witii 
respect to an XY-stage 83, wherein the exposure Is executed Invariably in ttie best focus state, in the exposure 
apparatus capable of this focus controlling process, tiie Z-stage 81 is nrmved with such a velocity characteristic 
as to be controlled In the optical-axis directions during the exposing process. An apparent focal depth can be 
tiiereby further enlarged. This method Is attainable by any type of steppers on condition that the Image side 
(wafer side) of the projection optical system 29 is telecentric. 

Fig. 28 shows light quantity (dose) distributions in tiie optical-axis directions which are obtained within the 
resist layers with a movement of tiie Z-stage 81 during the exposure or abundance probabilities. Fig. 28B shows 
velocity characteristi'cs of the Z-stage 81 for obtaining the distribution illustrated in Fig. 28A. Refening to Figs. 
28A and 28B, the axis of ordinate Indicates wafer positions in Z-direction (optical-axis direction). The axis of 
abscissa of Fig. 28A indicates the abundance probability. The axis of abscissa of Fig. 28B Indicates a velocity 
of the Z-stage 81. In ttie same Figures, a position Zo is the best focus position. 

The abundance probabilities are herein anranged to be substantially equal nfiaximal values In two positions 
+Z1 . -Z1 spaced vertically from tiie position ZO by a theoretical focal deptii ±ADof of the projection optical system 
29. In a range firom +Z3 to -Z3 therebetween, the abundance probabilities are restrained down to small values. 
For tills purpose, tiie Z-stage 81 moves up and down equally at a low velocity VI in the position -Z2 when starting 
a release of the shutter witiiin the illumination system. Immediately after the shutter has been fully opened, the 
Z-stage is accelerated up to a high velocity V2. While ttie Z-stage 81 moves up and down at the velocity V2, 
ttie abundance probabilities are restrained down to ttie small values. Just when reaching the position +Z3, the 
Z-stage 81 starts decelerating down to ttie low velocity VI . The abundance probability comes to the maximal 
value in the position +Z1 . At this moment, a closing command of ttie shutter is outputted almost simultaneously. 
The shutter Is completely dosed In the position +Z2. 

In ttiis manner, the velocity of the Z-stage 81 Is controlled so that the optical-axie-dlrectional light quantity 
distributions (abundance probabilities) of ttie exposure quantities imparted to ttie resist layers of ttie wafer 30 
are arranged to be the maximal values at ttie two points spaced away by approximately a width (2 ADq f) of 
ttie focal depth. Although a contrast of Uie pattems fonmed on the resist layers is a littie bit reduced, the uniform 
resoh^lng power can b obtained over a wide range in ttie optical^xis directions. 

The above-described cumulative focal point exposure method is applicable in much ttie sam manner to 
ttie projection exposure apparatus which adopts the spedal Illumination method shown In tills embodiment. 
The apparent focal deptti is enlarged by a quantity corresponding substantially to a product of an enlarge portion 
obtain d by tiie Illumination m thod of this inv ntion and an enlarged portion obtain d by ttie cumulative focal 
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point exposure method. B sid s. since th special Illumination method is adopted, th resolving power Itself 
also Increases. For instance, th minimum line width possible to exposure by combining an I-beam stepper (KA 
0.42 of the proj ctlon lens) which is contracted one-fifth that th prior art with a phase shift reticle is approxim- 
ately 0.3 to 0.36 |im. An enlargement rat of the focal depth is about 40% at th maximum. In contrast, the 

5 special illumination method according to the present invention is incorporated into the i-beam stepper, and a 
test is carried out with the ordinary reticle. As a result, the minimum line width of 0.25 - 0.3 ^m is obtained. 
Obtained also is much the same enlargement rate of the focal depth as that In using the phase shift reticle. 

Afourth embodiment of the present Invention will next be described. Fig. 29 depicts a projection type expos- 
ure apparatus (stepper) in the fourth embodiment of this Invention. The fly eye lens is divided into a plurality 

10 of fly eye lens groups. The light quantity distribution is focused on each of the fly eye lens groups. The diffraction 
grating pattern plate 12 is provided as an optical member (a part of the input optical system of this invention) 
for focusing the light quantity distribution of the illumination lighten each of lighl-source-slde focal surfaces 91a 
of the fly eye lens groups 91 A, 91 B. Note that the constructions toward the light source from the relay lens sys- 
tem 71 and toward the wafer 30 from the spatial filter 1 6 are the same as those of Fig. 20. and the same members 

IS are marked with the lilce symbols. 

The diffracted light generated from the diffraction grating pattern plate 12 is incident in concentration on 
each of the fly eye lens groups 91 A, 918 via the relay lens 73. At this moment, the light-source-side focal sur- 
faces 91a of the fly eye lens groups 91 A, 91 B and the diffraction grating pattern plate 12 have substantially the 
Fourier transform relation through the relay lens 73. 

20 On the other hand, reticle-side focal surfaces 91 b of the fly eye lens groups 91 A. 91 B are disposed in an 
intra-surface direction perpendicular to the optical axis AX so as to coincide substantially with the Fourier trans- 
fonm surface (pupO conjugate surface) of the reticle patterns 28. Each of the fly eye lens groups 91 A 91 B is 
independently movable in the intrasurface direction vertical to the optical axis AX and held by a movable menv 
ber (position adjusting member in the present invention) for making the lens group movable. The detailed exp- 

25 ianation thereof will be given later. 

The individual fly eye lens groups 91 A, 91 B desirably assume the same configuration and are composed 
of the same material (refractive index). Respective lens elements of the individual fly eye lens groups 91 A, 91 B 
are double-convex lenses as in the third embodiment. Given therein Is the example where the light-source-side 
focal surface 91a coincide with the Incident surface, and the reticle-side focal surface 91b coincide with the 

30 exit surface. The fly eye tens elements may not strictly satisfy this relation but may be plano-convex lenses, 
convexo-plane lenses or plano-concave lenses. Hota that the llght-source-side focal surfaces 91 a of the fly eye 
lens groups and the reticle-side focal surfaces thereof have, as a matter of course, the Fourier transform rela- 
tion. Hence, in the example of Fig. 29. the retide-slde focal surfaces 91 b of the fly eye lens groups i.e., the exit 
surfaces of the fly eye lens groups 91A, 91B have an image fonning (conjugate) relation to the diffraction grating 

35 pattem plate 12. 

Now, the reticle 27 is illuminated in a homogeneous illuminance distribution with the luminous fluxes emitted 
from the reticle-side focal surfaces 91b of the fly eye lens groups 91 A. 91 B through the condenser lenses 74. 
75 and the min-or 24. In accordance with this embodiment, the spatial filter 16 is disposed on the exit side of 
the fly eye lens groups 91 A. 91 B, thereby cutting off the Oth-order diffracted light components from the diffraction 

40 grating pattem plate 12. The openings of the spatial filter 16 conrespond to the respective positrons of the fly 
eye lens groups 91A, 91B. For this reason, the illumination light quantity distributions in the vicinity of the reti- 
de-slde focal surfaces 91b of the fly eye lens groups 91 A, 91 B can be made zero In portions other than the 
positions of the fly eye lens groups 91 A, 91 B. Therefore, the illumination light with which the retide patterns 
28 are illuminated is limited to the luminous fluxes (from the secondary illumlnant Images) emitted from the res- 

45 pectlve fly eye lens groups 91A, 91 B. Hence, the luminous fluxes incident on the retide patterns are limited to 
those having specific incident angles (plural) thereon. 

Note that In the embodiment, each of the fly eye lens groups 91 A 91B is movable, and the openings of 
the spatial filter 16 are conrespondingly movable; or alternatively the spatial filter 16 iteetf has to be exchange- 
able (the spatial filter 16 will be mentioned later). The illumination luminous fluxes are diffracted by use of the 

50 foregoing diffraction grating pattem plate 12. The diffracted light componente are concentrated on the specific 
positions (fly eye lens groups) within the light-source-side focal surfaces of the fly eye lens groups 91 A, 91 B. 
On this occaston, the concentrated positions are varied depending on the pitch and the directivity of the dif- 
fraction grating pattem plate 12. Therefore, the pitch and the directivity of the diffraction grating pattem plate 
12 are detenmlned to cone ntrat the illumination light on the positions of the fly ey lens groups 91 A, 91 B. 

55 As discussed abov , the Image of th diffraction grating pattem plat 1 2 is formed on the reticle-sid focal 
surface 91b of the fly ey lens 91. As in the third mbodiment described abov . how ver. the retid pattem 
surfaces 28 and the retide-sid focal surfaces 91 b of the fly ey lens groups 91 A, 91 B have the Fourier trans- 
fomi relation. Th r is no possibflity wherein th illumination intensity distribution on the retide 27 is 
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unhomog nized, or the Illuminance homog n Ity is deteriorated. 

The diffraction grating pattern plate 12 may, as explained In the third embodiment refening to Fig. 21, b 
not only the transmlsslv patt rn plat but also tfie reflective pattern plate. 

If th diffraction grating pattern plate 12 is reflectiv , as Illustrated in Fig. 30, the diffracted light components 
reflected by the reflective diffraction grating pattern plate 12Aare concentrated in the vicinity of the fly eye lens 
groups 91 A. 91 B through the relay lens 73. Incidentally, the diffraction grating pattern plate 12 or 12A is 
exchangeable witti a plate having a different pitch so that tiie Illumination light can be concentrated in the vicinity 
of tile respective fly eye lens groups 91 A. 91 B even when the individual fly eye lens groups 91 A. 91 B move 
The diffraction grating pattem plate 12 or 12A may be rotatable In an arbitrary direction within tiie surface vertical 
to tt)e optical axis AX. In tills case, however, tiie Fourier transform relation between the diffraction grating pat- 
tern plate 12 or 12A and the llght-source-slde focal surfaces 91a of the fly eye lens groups 91 A, 91 B should 
belcept 

By the way. referring to Fig. 29, as in the first embodiment, ttiere are provided.a main control system 58 
for generalizing and controlling tiie device, a bar code reader 61. a keyboard 63 and a drive system (motor, 
gear train, etc) such as movable members for moving the fly eye lens groups 91 A, 91B. Registered beforehand 
In the main control system 58 are names of a plurality of reticles dealt with by tiie stepper and stepper operating 
parameters corresponding to these names. When ttie bar code reader 61 reads reticle bar codes BC, the main 
control system 58 outputs, to the drive system 92. ttie previously registered information on tfie moving positions 
(witiiin ttie Fourier transform surface) of tiie fly eye lens groups 91 A. 91 B as one of the operating parameters 
conresponding to tiie names. The positions of the fly eye lens groups 91 A, 91 B are thereby adjusted to form 
tiie optimum light quantity distributions described In ttie first embodiment The operations given above can be 
also executed even by inputting the commands and data directiy from the keyboard 63. 

The optical membere (input optical system) are not limited to the diffraction grating pattem plates 12, 12A. 
ttiese optical membere being intended to concenb^te the light quantity distributions over the light-source-side 
focal surfaces of the fly eye lens groups 91 A. 91 B on the portions in the vicinity of the individual fly eye lens 
positions. As in ttie cases shown in Figs. 22 - 25 in accordance with the ttiird embodiment, ttie movable plane 
mirror, the optical fibers, the prism and the reflection minror are available. 

Fig. 31 shows the case where tiie movable plane mirror 54 is employed as an input optical system. The 
constructions toward ttie light source from the relay lens system 71 and toward the reticle from the fly eye lens 
group 91 are ttie same as ttiose of Fig. 29. The plane mirror 54 is rotated to a plurality of angular positions 
dunng the exposure, thereby making it possible to concenttate ttie light quantity disb-ibutions over the light- 
source-side focal surfaces 91a of ttie fly eye lens groups 91 A, 91 B on only tiie portion vicinal to ttie position 
of one fly eye lens group of ttie plurality of the fly eye lens groups. Note that when using this type of movable 
plane mirror 54, ttie relay lens system 73 may be omitted. Further, when each of the fly eye lens groups 91 A 
91 B moves, angular coordinates of ttie plurality of angular positions of the plane mirror 54 are changed, and 
tiie reflected luminous fluxes may be concentrated in the vicinity of the position of the fly eye lens group In a 
new position. Incidentally, tiie spatial filter 1 6 illustrated in Fig. 31 Is provided on the skle of the Incident surfaces 
of ttie fly eye lens groups 91 A. 91 B but may be provided on ttie side of ttie exit surfaces as seen In Fig. 29. 

Fig, 32 shows a case of using the optical fibere of ttie Input optical system. The exit portions 35A. 35B pro- 
vkled conresponding to the number of ttie fly eye lens groups 91A. 91B are constiuctetMntegraliy with the res- 
pective fly eye lens groups In ttie close proximity to ttie light-source-side focai surfaces 91a of tiie fly eye lens 
groups 91 A, 91 B. 

The exit portions.SSA, 35B (or ttie lenses between the exit portions 35 and the fly eye lens groups 91) are 
one-dlmensionally or two-dimensionally movable within the surface vertical to the optical axis by means of the 
drive membere such as motore. Even when tiie individual fly eye lens groups 91 A, 91 B are gathered up the 
illumination luminous fluxes can be concentrated in tiie vicinity of ttie position of each of the fly eye lens groups 
after being moved. 

Fig. 33 shows a case of employing ttie prism 33 formed with a plurality of refractive surfaces as an input 
optical system. The Illumination light can be concentirated in the vteinlty of each of the fly eye lens groups 91 A, 
91 B in accordance witfi a refractive angle of ttie prism 33 on ttie light-source-sWe focal surfaces 91 a of ttie fly 
eye lens groups 91 A, 91B. Even when the respective fly eye lens groups 91 A. 91 B move by exchanging the 
prism 33, the fliumlnation light can be exactty concenb-ated on ttie position of each of the fly eye lens groups 
91 A. 91 B. The devtee. as a matter of couree, Incorporates a function to exchange ttie prism or the like. Where 
tills type of prism is mployed, tti relay lens system 73 can b omitted. 

Fig. 34 shows a cas where a plurality of min-ors are used as an Input optical system. When each of the 
mirrors 34A - 34D is provided wltti a position adjusting mechanism and a mechanism for adjusting an angle of 
rotation about th optical axis AX. and even after tti individual fly eye lens groups 91A. 91 B have moved tti 
illumination luminous fluxes can be focus d In the vicinity of tti respective fly eye lens groups 91 A 91 B A 
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numerical valu of th mirrors is not limited. The minors may be disposed depending on a numerical value of 
the fly ye lens groups. 

Two groups of the fly eye lenses are prepared throughout the fourth embodiment descrit>ed above, how- 
ever, thre or more groups of the fly eye lens s may be of course prepared. Stated also Is the optical member 

5 for concentrating the illumination light mainly on the two portions of the indwidual fly eye lens groups. The illumi- 
nation light is, as a matter of course, concentrated on a plurality of positions con^espondlng to the number of 
the fly eye lens groups. In all the embodiments given above, the illumination light can be concentrated on arbit- 
rary positions (conresponding to the positions of the fly eye lens groups). The optical member for concentrating 
the illumination light on the respective fly eye lens groups is not limited to the types exemplified in the embo- 

10 diments but may adopt any other types. 

Besides, the spatial filter 16 provided in dose proximity to the tight-source-side focal surfaces 91a of the 
fly eye lenses may be employed in combination with the respective embodiments shown in Figs. 29 through 
34. Spatial filters 210, 16 can be, though not limited to the reticle-side f6cal surfaces 91b and light-source-side 
focal surfaces 91a of the fly eye lens groups, disposed in arbitrary positions. For example, the spatial Alter is 

15 disposed suitably between the above-described two focal surfaces 91a, 91b. 

The optical member for concentrating the illumination light only in the vicinity of the individual fly eye lens 
groups 91 A, 91 B is intemded to prevent a loss in quantity of the illumination light with which the reticle 27 is 
illuminated. The optical member is not associated directly with the constihjtton for obtaining the effects of the 
high resolving power and large focat depth that are characteristic of the projection type exposure apparatus 

20 according to the present invention. Hence, the optical member may be only a lens system having a large diame- 
ter enough to make the Illumination light Incident in flood on each of the fly eye lens groups after being adjusted 
In terms of position. 

In the construction, depicted In Fig. 26, of the third embodiment, the spatial filter 16A may be provided, or 
a variable field stop 76 may also be provided as in the same way with the third embodiment. The spatial filter 

25 16A is placed on the reticle-side focal surface 91b of the fly eye lens group 91 or in the vicinity of the conjugate 
surface thereof, thereby regulating the illumination luminous fluxes emerging from the fly eye lens groups 91 A, 
91 B. Note that if there is a system capable of focusing the illumination luminous fluxes incident on the fly eye 
lens groups 91 A, 91 B only thereon effectively; the spatial filter 16 may not be provided on the reticle-side focal 
surface 91 b or In the vicinity of the conjugate surface thereof. 

30 For satisfying the condition of ttie c-value (0.1 ^ c ^ 0.3) determined by one of the fly eye lens groups, a 
magnitude (in the intra-surfece direction vertical to the optical axis) of the exit end areas of each of the fly eye 
lens groups 91 A, 91B may be determined to match with the Illumination luminous fluxes (exit luminous fluxes). 

A variable aperture stop (equivalent to the spatial filter 1 6) is provided in tiie vicinity of the reticle-side focal 
surface 91 b of each of the fly eye lens groups 91 A, 91 B, and the nunfYerical aperture of tfie luminous flux firom 

35 each of the fly eye lens groups is made variable, thus changing the cr-value. Correspondingly, the variable aper- 
ture stop (NA regulating stop) is disposed close to the pupil (incident pupil or exit pupil) 51 of the projection 
optical system 29, tiiereby further optimizing the a-value with respect to NA In the projection system. 

The illumination of the luminous fluxes incident on the respective fly eye lens groups expands to some 
extent outwardly of the Incident end surfaces of the fly eye lens groups. Besides, if the distributions in quantity 

40 of the light incident on the respective fly eye lens groups are uniform, ttie illuminance homogeneity on the reticle 
pattern surfaces can be preferably further enhanced. 

Next, an embodiment of the movable portions for making the fly eye lens groups movable will be explained 
in conjunction with Figs. 35 and 36. 

Fig. 35 is a diagram illustrating the movable portions viewed firom ttie optical-axis direction. Fig. 36 is a 

45 diagram showing Uie same viewed from the direction vertk^al to the optical axis. 

A plurality of, i.e., four fly eye lens groups 91 A. 91 B, 91 C, 91 D are disposed at substantially equal distances 
from the optical axis in Fig. 35. Each of the fly eye lens groups 91 A, 91B, 91C, 91 D is, as illustrated in Fig. 35. 
composed of, though not limited to this, 32 pieces of lens elements. In an extreme case, the fly eye lens group 
may be constructed of one lens element Now. turning to Figs. 35 and 36, the fly eye lens groups 91 A, 91 B, 

so 91 C, 91 D are held by jigs 103a, 103b, 103c, 103d. These jigs 103a, 103b, 103c, 103d are furti^er supported 
on movable memt>ers 101a, 101b, 101c, 101d ttirough support bars 100a, 100b» 100c, 100d. These support 
bars 100a, lOOfo, 100c, lOOd are stretchable and contractlble in the optical-axis directton with tiie aid of drive 
elements such as motors and gears incorporated into the movable members 1 0la, 101 b, 1 01c, 101d. The mov- 
abl memb rs 101a, 101b, 101c, lOld themselv s are movable along fixed guides 102a, 102b, 102c, 102d. 

55 The individual fiy eye lens groups 91 A, 91 B. 91C, 91D are therefore indep ndentiy movable in tiie intra-surface 
direction p rp ndicular to the ptical axis. 

Respective positions (within the surface v rtical to the optical axis) of the fly y lens groups 91 A, 91 B, 
91C,91D depict d in Fig. 36 are det nmln d (changed) preferably dep ndingonth reticle patterns to be trans- 
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fenred. 

The optimum positions of th r spectiv fly eye lens groups are set under th same conditions as thos 
explained referring to Figs. 14 and 15 in the first embodiment. 

A concrete exampi of the positional detennination of each of the fly ye lens groups is the same as th 
5 detemiining method explained In the first emtwdiment with reference to Figs. 14 and 15. It Is assumed that the 
central position (the optimum position of the gravity of the light quantity distribution of the secondary liluminant 
image which Is created by each of the fly eye lens groups) of each of the fly eye lens groups is. as illustrated 
in Fig. 15B, on the Y-dlrectlonal line segment La presumed within the Fourier transform surface. Alternatively, 
it is assumed that the center of each of the fly eye lens groups is placed on an arbitrary position on the line 

10 segment Lp, or. as illustrated in Fig. 15D. on the line segments La, Lp defined such as a = p = f • (1/2) • (X/Px) 
or on the line segments Ly. U defined such as y = e = f - (1/2) • (A/Py). Based on these assumptions, the focal 
depth can be maximized. As in the first embodiment, the Oth-order diffracted light component Do coming from 
ttie reticle patterns 28 and any one of the (+) primary diffracted light component Dp and the (-) primary diffracted 
light component Dm nrtay be arranged to pass through the light paths having the equai distances from the optical 

15 axis AX on the pupil surface 51 within the projection optical system 29. If the reticle patterns 28, as seen in 
Fig. 15D, contain the two-dimensional periodic patterns, and when paying the attention to one specific Oth-order 
diffracted light component, there probably exist higher-order diffracted light components than the primary light 
components which are distributed in the X-direction (the first direction) and in the Y-dlrection (the second direc- 
tion) about the single Oth-order diffracted light component on the pupil surface 51 of the projection optical sys- 

20 tem. Supposing that the image of the two-dimensional patterns is fonmed well with respect to one specific 
Oth-order diffracted light component, the position of the specific Oth-order diffracted light component may be 
adjusted so that three light components i.e., one of the higher-order diffracted light components distributed in 
the first direction, one of the higher-order diffracted light components distributed in the second direction and 
one specific Oth-oider diffiracted light component are distributed at the substantially equal distances from the 

25 optical axis AX on the pupil surface 51 of the projection optical system. For Instance, the central position of the 
exit portion In Fig. 15D is anranged to coincide with any one of points P^, Pti. Pk, P^. The points P^. Pr\, Pk, 
Pfi are all intersections of the line segment La or Lp (the optimum position to the X-directional periodicity' i.e.,' 
the position in which the Oth-order diffracted light component and one of the (±) primary diffracted light com^ 
ponents in the X-direction have the substantially equal distances from the optical axis on the pupil surface 51 

30 of the projection optical system) and line segments Ly, U (the optimum positions to the Y-directional periodicity). 
Therefore, those positions are the light source positions optamal to either the pattern direction X or the pattem 
direction Y. 

Note that In this embodiment, an arbitrary light quantity distribution can be, as in the first embodiment, for- 
med on the Fourier fransfonm surface by controlling the luminous flux transform member and the movable opti- 

35 cal member on the basis of the information of bar codes and the lll<e. In this case, the fly eye lens groups 91 A 
to 91 D are disposed not only discretely but also integrally about the optical axis, whereby a changeover to the 
ordinary illumination can be performed. 

A light scattering member such as a diffusion plate and an optical fiber bundle are provided in dose prox- 
imity to the light-source-side focal surface 91a of tiie fly eye lens 91, thereby honiogenizing the illumination 

40 light Alternatively, the illumination light may be homogenized by employing an opticaNntegrator such as a 
further fiy eye lens (hereinafter referred to as the other fly eye lens) separately from the fly eye lens 72 used 
In the embodiments of the present Invention. At this time, the other fly eye lens Is disposed preferably closer 
to the light source (lamp) 1 than the optical member e.g.. tfie diffraction grating pattern plate 12 or 12A shown 
in Figs. 29 and 30 for making variable the Bluminatlon light quantity distribution In tiie vicinity of tiie light-source- 

45 side focal suri^ce 91 a of tfie fly eye lens 91 . A sectional configuration of each lens element of the other fly eye 
lens is desirably a regular hexagon rattier than a square (rectangle). In this case, the a-value may be made 
variable by making the numerical aperture of the Illumination system variable while providing an aperture stop 
on the reticle-side focal surface of the other fly eye lens. Further, the o-value may be also made variable by 
changing a magnitude of the luminous flux incident on the other fly eye lens while providing a zoom lens (afocal 

50 zoom lens) on the light patii leading from ttie light source up to the other fly eye lens. 

Given above Is the example of detennlnlng ttie positions of ttie plurality of fly eye lens groups. The fllumi- 
nation luminous fluxes are concentrated corresponding to ttie moving positions of the respective fly eye lens 
groups by means of ttie foregoing optical members (the diffraction grating pattem plate, the movable mirror, 
ttie prism or the flbers). The optical member for this concentrating process may not be provided. 

55 Th luminous fluxes emitted from ttie fly ye .lens groups are incident obliquely on the reticle. If a direction 
of ttie light quantity gravity of ttie (plural) incid nt luminous flux s Indin d thereto is not p rpendlcular to the 
reticle, ttiere arises a problem in which a position of the transferred image shifts in th intra-suriace direction 
of the waf r during minute defocusing of ttie wafer 30. In order to pr vent this shift, tti direction of tti light 
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quantity gravity of the (plural) Illumination luminous fluxes from the fly ey lens groups Is kept vertical to the 
reticle patterns, viz., parall I to the optical axis AX 

More speclfically, on the assumption that the optical axis (central line) is set in the resp ctive fly eye lens 
groups, It may be sufficient to mak zero a v dor sum of a product of the Intra Fourier transform surface 

5 positional vector of the optical axis (central line) on the basis of the optical axis AX of the projection optical 
system 29 and a quantity of light emitted from each of the fly eye lens groups. An easier method is that 2m- 
groups (m is the natural number) of fly eye lenses are provided; positions of m-groups of the fly eye lenses are 
determined by the optimizing method described above; and remaining m-groups and the fonner m-groups of 
fly eye lenses are disposed in symmetry with respect to the optical axis AX. 

10 If the device further Includes n-groups (n is the natural number), and when the number of groups of the fly 
eye lenses is set to m smaller than n, the remaining (n - m) groups of fly eye lenses may not be used. To eliminate 
the use of the (n - m) groups of fly eye lenses, the spatial filters 21 0 or 1 6 may be provided on the positions of 
(n - m) groups of fly eye lenses. At this time, the optical member for concentrating the illumination light on the 
positions of (n - m) groups of fly eye lenses preferably does not concentrate the light on the (n - m) groups of 

IS fly eye lenses. 

The positionsof openings of the spatial filter 210or 16 are desirably variable corresponding to the move- 
ments of the fly eye lens groups. Alternatively, there Is provided a mechanism for exchanging the spatial filters 
210, 16 in accordance with the positions of the respective fly eye lenses. The device may incorporate some 
kinds of light shielding members. 

20 As depicted in Fig. 36, each of the jigs 1 03a, 1 03b . 1 03c, 1 03d for holding the respective fly eye lens groups 
91 A, 91 B, 91 C, 91 D has light shielding blades 104a, 1 04b. In this case, the opening of the spatial filter 16 may 
be formed considerably larger tiian the diameter of Uie fly eye lens. Hence, one spatial filter 16 is capable of 
corresponding to the positions of a variety of fly eye lenses. If the light shielding blades 194a, 194b deviate 
sllghtiy in the optical-axis direction, a constraint given to the moving range of the fly eye lens groups Is reduced. 

25 Light scattering members such as diffusion plates and optical fibers are employed in the vicinity of the llght- 
source-side focal surfaces 91 a of tiie fly eye lens groups 91 A, 91 B, 91 C, 91 D. thereby homogenizing the illumi- 
nation light. 

A fifth embodiment will be next explained. Provided in this embodiment is a holding member for Integrally 
holding the plurality of fly eye lens groups. The fly eye lens groups held in the optimum placement are selectable 
30 by driving the holding member. 

Fig. 37 illustrates a construction of the projection type exposure apparatus In the fifth embodiment of the 
present invention. The diffraction grating pattem plate 12 is given as an optical member (a part of the Input 
optical system) for concentrating ttie light quantity distributions of the Illumination light on the llght-source-side 
focal surfaces of the fly eye lens groups. Note that tiie same members as those in Fig. 29 are martced with the 
35 like symbols. 

A holding member 1 1 1 Integrally holds fly eye lens groups 1 1 1 A, 1 1 1 B so that the center (in other worels, 
the gravity of the each of the light quantity distributions created by the secondary illuminant images in the res- 
pective fly eye lens groups 1 1 1 A. 1 1 1 B) of each of the fly eye lens groups 1 1 1 A. 1 1 1 B is set in a discrete position 
eccentric from the optical axis AX by a quantity determined depending on the periodicity of the reticle patterns. 

40 Fixed integrally to a movable member 1 1 2 (switching member In ttiis invention) togettier v«th.the holding mem- 
ber 1 1 1 are a plurality of holding member (not illustrated) for holding the plurality of fly eye lens groups while 
nr^aklng tiieir eccentric states relative to tiie optteal axis AX different from each ottier In accordance with a dif- 
ference in terms of tiie periodicity of the reticle patterns 28. This movable member 1 1 2 is driven, with the result 
ttiat the plurality of holding members can be so disposed In the light path of the illumination optical system as 

45 to be Indlvklually exchangeable. The detailed description thereof will be given later. 

Each of the plurality of fly eye lens groups (111A. 111B) fixed by the same holding member desirably 
assumes the same configuration and is composed of the same material (refractive Index). In this embodiment, 
tfie holding members (fly eye lensgroups 111A, 111B) are exchangeable, and hence tiie openings of ttie spatial 
filter 16 have to be variable con^espondingly; or alternatively, tiie spatial filter 16 has to be also exchangeable. 

50 For instance, ttie spatial filter 16 Is fixed to tiie holding member together wltti the fly eye lens groups 111A, 
1 1 1 B, and desirably tiiey are arranged to be integrally exchangeable. Note that a magnitude (tiiickness) of the 
luminous flux Incident on each of tfie fly eye lens groups 1 1 1 A, 1 1 1 B Is set equal to or smaller ttian a magnitude 
of each of the llght-source-slde focal surfaces 1 1 1a of the fly eye lens groups 1 1 1 A, 1 1 1 B. In this case, the 
spatial filter 16 Is not particularly, as a matter of course, provided in tti illumination optical system (in tii vicinity 

55 of the fly eye I ns groups). 

Th dlffractton grating patt m plat 5 or 5A may b rotatabi in an arbitrary dir ctlon witiiin the surface 
vertical to the optical axis AX. With tills arrangement, it Is possibi to conrespond to such a cas ttiat the pitch 
direction of tiie line-and-space patterns of tti reticle pattems 28 is different from ttie directions X. Y (i.e., the 
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fly ye lens groups 1 1 1A, 11 1B move In th pitch direction (rotat about th optical axis AX)). 

Provid d according to this mt)odim nt, as In the fourth embodlnnent, the main control system 58 for 
generalizing and controlling th devic .th bar code read rSl.th keyboaid 63 and th driv system (motor, 
gear train, etc.) 92 of movabi m mbera for moving the fly ye lens groups 111A, 111 B. Registered before hand 

5 in the main control system 58 are names of a plurality of reticles dealt with by the stepper and stepper operating 
parameters corresponding to the names. Then, the main control system 58 outputs, when the bar code reader 
61 reads the reticle bar codes BC. a predetennined drive command to the drive system 113 by selecting one 
of the plurality of holding members which matches best with the previously registered infbmnation (correspond- 
ing to the periodicity of the reticle patterns) on the positions (within the pupO conjugate surface) of the fly eye 

10 lens groups 1 1 1 A, 1 1 1 B as one of the operating parameters corresponding to the names thereof. The fly eye 
lens groups 1 1 1 A, 1 1 1 B held by the previously selected holding member are thereby set in the positions shown 
in Figs. 14 and 15 In the firat embodiment The operations described above are executable even by the 
operator's Inputting the comn^ands and the data from the keyboard 63 directly to the main control system 58. 
The optical member (Input optical system) is not limited to the transmissive diffraction grating pattern plate 

15 12, this optical member being intended to concentrate the light quantity distributions over the light-source-side 
focal surfaces of the fly eye lens groups in the vicinity of the positions of the individual fly eye lenses. As exp- 
lained In the fourth embodiment with reference to Figs. 30 - 34, the reflective diffraction grating pattem plate 
12A, the movable plane mirror 54. the optical fibere 35, the prism 33 and the plurality of reflection mirrors 34 
may be provided in place of the diffraction grating pattem plate 12. Addltfonally, the diffraction grating pattem 

20 plates 12, 1 2A and the prism 33 are replaced; or a plurality of angular position coordinates of the movable plane 
mirror 54 are changed; or the exit portions of the optical fibera are nnade movable; or each of the reflection mir- 
rore is provided with the , position adjusting mechanism and the mechanism for adjusting the angle of rotation 
about the optical axis AX. With these arrangements. If the fly eye lens groups move with the replacement of 
the holding member the illumination luminous fluxes can be concentrated in the vicinity of the positions of the 

25 respective fly eye lens groups after being moved. 

As In the fourth embodiment, the spatial filter 16 may be replaced with the spatial filter 10 shown in Fig. 
12 or used in combination with the above-mentioned input optical system. The placement of the spatial filters 
10, 16 is not limited to the light-source-side focal surfaces 111a and the reticle-side focal surfaces 111a of the 
fly eye lens groups but may be disposed In arbitrary positions. Further, the optical member (Input optical system) 

30 for concentrating the illumination light only in the vicinity of the individual fly eye lens groups 111A, 111B may 
be only a lens having a large diameter enough to make the illuminatfon light Incident In flood on each of the 
plurality of fly eye lens groups. 

As explained In the fourth embodiment in conjunction with Fig. 26. the spatial filter 16A and the field stop 
maybe provided. 

35 Next, a construction of the movable member 1 12 (switching member in the present invention) for exchang- 
ing the holding member will be described referring to Figs. 38 and 39. 

Fig. 38 shows a concrete construction of the movable member. Four pieces of holding members 111,114, 
1 15, 1 16 are herein disposed at Intervals of approximately 90 degrees on the nriovable member (tunret plate) 
112 rotatable about a rotary axis 112a. Fig. 38 illustrates a situation in whfch illumination luminous fluxes ILa, 

40 ILb (dotted lines) are incklent on the respective fly eye lens groups 1 1 1 A. 1 1 1 B; and the hdtling member 1 1 1 
is disposed In the tllumlnatbn optical system. At this time, the holding member 1 1 1 is placed In the Illumination 
optical system so that the center of this member coincides substantially with the optical axis AX. The plurality 
of fly eye lens groups 1 1 1 A, 1 1 1 B are held integrally by the holding member 1 1 1 so that the centers of these 
lens groups are set In discrete positions eccentric from the optical axis AX of the illumination optical system 

45 by a quantity determined depending on the periodicity of the reticle patterns. These lens groups are placed 
substantially in symmetry with respect to the center (optical axis AX) of the holding member 111. 

Now, each of the four holding members 1 1 1 , 1 14, 1 15, 1 16 holds the plurality of fly eye lens groups while 
making their eccentric states (i.e., positions within the surges substantially perpendicular to the optical axis 
AX) from the optical axis AX (center of the holding member) different from each other in accordance with a dif- 

50 ference in terms of the periodicity of the reticle patterns 28. Both of the holding membere 111.114 have two 
fly eye lens groups (111A, 111B) and (114A, 114B). These fly eye lens groups are, when being disposed In 
the illumination optical system, fixed so that their anray directions are substantially orthogonal to each other. 
The holding member 115 places and fixes the four fly eye lens groups 1 1 5A - 1 1 5D substantially at equal dis- 
tances from the center 1 15cA (optical axis AX) thereof. In accordance with this embodiment, the holding mem- 

55 ber 1 1 6, which fixes one fiy eye lens group 1 1 6A substantially at the center, is used for effecting the exposure 
bas d on a known m thod. 

As is obvious from Fig. 38, the tunret plate 112 is rotat d by the drive lem nt 117 consisting of a motor 
and a g ar. as stated ariier, in accoidance with the informatfon of the r tid bar codes BC. The four holding 
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memb rs 111. 114. 115, 116 are th reby exchanged, and th desired holding memb r corresponding to the 
penolicfty (pitch, array direction. tc.)ofther tide patterns can l>edispos dinth illumination optical system 
Selected, as discussed abov . in accordance with the infonnation of the retid bar codes BC is whether 
to effect either the known exposure for fbmiing the light quantity distributions substantially about th optical 
axis on the Fourier transfomi surface or the exposure by the indlned illumination light explained in this embo- 
diment In the case of perfonning the known exposure, the holding member 116 is selected. In the case of per- 
foming the exposure based on the indlned illumination light, any one of the holding membera 111 114 115 
may be selected. When executing the known exposure, and if the holding member 1 16 is selected, it Is requred 
Uiat the input optical system be exchanged for effecting the illumination as it used to be done. If the illumination 
hght can be concentrated through the lens 71 on the ily eye lens group 1 16A. the Input optical system such as 
fibers. It may be suffident, retreat from within the light path. 

In eadi of the four holding members, the plurality of fly eye lens groups are herein fixed in a predetermined 
positional relation., and hence there is no necessity for performing the positional adjustment between the 
plurality of fly eye lens groups when exchanging the hdding member. Therefore, positioning of the holding mem- 
bers as a whole may be effected with respect to the optical axis AX of the illumination optical system Conse- 
quently, there IS produced such an advantage that no predse positioning mechanism is needed. At this time 
the dnve element 113 is used for the positioning process, and it is therefore desirable to provide a rotary angle 
measunng member such as. e.g.. a rotary encoder. Note that eadi of the plurality of fly eye lens groups con- 
stituting the holding members comprises, as shown in Fig. 38. 16 pieces of lens elements (only the fly eye lens 
group 11 6A is composed of 36 pieces lens elements). The numerical number Is not limited to this. In an extreme 
case, the fly eye lens group consisting of one lens element may also be available. 

Referring to Fig. 37. the spatial fitter 16 is disposed In rear (retfcle-side) of the holding member 1 1 1 In each 
of the holding members, when the porttons other than the fly eye lens groups are formed as light shielding por- 
tions, the spatial filter 16 is not particularly provided. At this Ome. the turret plate 112 may be a transmisslve 
portion or a light shielding portion. The number of the holding members to be fixed to the hjrret plate 1 12 and 
ttie eccentnc states (positions) of the plurality of fly eye lens groups are not limited to those shown in Fig 38 
but may be arbitrarily set corresponding to the periodksity of the retide patterns lo be transferred If there 'is a 
necessity for strictiy setting the inddent angles and the like of the IHumination luminous fluxes on the rettele 
patterns, each of the plurality of fly eye lens groups may be so constructed as to be minutely movable in the 
radia directions (radiant directions) about the optical axis AX in the hokiing member. Further, the holding mem- 
bers (fly eye lens groups 1 1 1 A. 1 1 1 B) may be so constructed as to be rotatable about the optical axis AX On 
ftis occaston, if espedally the optk:al fiber bundle 35 Is employed as an optical member (input optical system) 
for coricenlrating the Hlumlnatfon luminous fluxes in the vidnity of each of the plurality of fly eye lens groups 
fte exit ends 35A, 35B thereof are an^nged to move with movements of the fly eye lens groups. For instance' 
ttie exit ends 35A, 35B and tiie fly eye lens groups may be integrally fixed. In addition, the rectangular fly eye 
lens groups are relatively inclined with rotation of the hdding member. However, when rotating the hddina 
member, it is desirable that only the positions of the fly eye lens groups are moved without causing the above- 
menboned inclination. 

it is necessary to exchange the input optical system such as. e.g.. 
ttie diffraction grating pattern plate 12. the relay lens 73 (Rg. 37) and the optical fiber bundle 35: Desirably the 
input optical systems corresponding to the eccentric states of the plurality of fly eye lens groups are inteoraily 
constructed for every holding member and fixed to the movable member 112. 

Fig. 39 Is a diagram showing a variant fomi of the movable member for exchanging the hdding member 
The input optical system (optical fiber bundles 117. 1 18) and the hdding membera (12. 124) are integrally fixed 
to the movable member (support bar 1 25). It is permitted that the above-described other optical systems though 
tiie optical fiber bundle is exemplified herein, may be employed as an Input optkial system. Inddent^ly. the 
fondamental constmction (ttie example where the optical fiber bundle is used as an input optical system) has 
been already explained in ttie fourtti embodiment (Fig. 32) and therefore touched briefly herein 

Referring to Fig. 39, ttie two fly eye lens groups 1 1 9A. 1 1 9B are Integrally held by ttie hdding member 1 22 
while an incident portion 117a and an exit portfon 117b of the optical fiber bundle 1 17 are botti held by a fixing 
tool 123. At the same moment, ttie . holding member 1 22 is integrally fixed to ttie fixing tool 123. Excepting the 
fly eye lens groups 119A, 119B, ttie light shielding portions (ttie illustrated oblique line portions corresponding 
to, e.g., ttie spatial filter 16 of Fig. 37) occupy ttie interior of ttie hdding member. On ttie ottier hand the fly eye 
lens groups 121A, 1 21 B for th replacement are integrally held by ttie hdding member 124. An inddent portion 
11 8a and an exit portfon 1 1 8b of an optical fiber bundle 1 1 8 ar both held by a fixing tod 125. Simultaneously 
tti holding member124 is int grallyfix dtotti fixing tool 125. As in ttie same way described above, ttie int ri« 
of the hdding member 124 is formed witti the light shielding portions. Furth r. ttie fixing tools 123, 125 are con- 
nectively fixed by means of a conn cting member 127. Therefore, the holding membera may-b exchanged 
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for every fixing tool. Note that in Fig. 39, th fixing tool 1 23 (holding m mber 122) exists In the illumination optical 
syst m, whereas the fixing tool 125 for the replac ment is set In a position deviating from the illumination optical 
system. The constructions toward the light sourc from th relay lens system 71 and toward th retide from 
the condens r lens 74 are the same as those shown in Fig. 37. 

By the way. the holding member is exchanged by pushing or pulling the support bar 129 with the help of 
the drive element 128. Hence, as illustrated in Fig. 39, when exchanging the holding member, the fly eye lens 
groups and the optical fiber bundle are so arranged as to be integrally exchangeable. With this arrangement, 
it may be sufficient that the foregoing integral member groups (fixing tools) are matched in position with the 
illumination optical system as a whole. Produced Is an advantage of eliminating the necessity for effecting the 
positional adjustments between the respective members (fly eye lens groups, optical fiber bundle, etc.) per 
exchanging process. At this time, the drive element 1 28 is employed also for poslttoning. It is therefore desirable 
to provide a position measuring member such as, for example, a linear encoder, a potentiometer, etc.. 

Note that the number of the fly eye lens groups per holding member shown in Figs. 38 and 39 and-the num- 
ber of the lens elements constituting the fly eye lens groups may be arbitrarily set. Besides, the configurations 
of the fly eye lens group and of the incident or exit surface of the lens element are not limited to the rectangle. 

Now, the respective positions of the plurality of fly eye lens groups depicted in Figs. 38 and 39 in other 
words, the holding member to be selected are preferably determined (changed) depending on the reticle pat- 
terns to be transferred. A method of detennining (selecting) the positions of the respective fly eye lens groups 
is tiie same wiUi tiie fourth embodiment (the method being identical wiUi that explained in ttie first embodiment). 
To be more specific, the holding member Including the fly eye lens group may be disposed In the incident posi- 
tion (incident angle) or in tiie vicinity thereof on tiie reticle patterns to obtain the effects given by the improved 
optinrwm resohnng power and focal depth to the degree of fineness (pitch) of the patterns to be transferred using 
the Oluminatlon luminous fluxes coming firom the respective fly eye lens groups. 

It Is to be noted that the openings of tiie spatial filter 210 or 1 6 are desirably variable con-esponding to the 
rnovements of the respective fly eye lens groups with the exchange of the holding member. Provided alterna- 
tively is a mechanism for exchanging the spatial filters 210, 12 in accordance with the positions of ttie individual 
fly eye lenses. Besides, the device may incorporate some kinds of light shielding members. 

In the embodiment discussed above, the premise is that the plurality of holding members (fly eye lens 
groups) are so constructed as to be exchangeable. According to the present Invention, as a matter of course, 
ttie holding members are not necessarily so constructed as to be exchangeable. For instance, only ttie holding 
member 1 1 1 depicted in Fig. 38 is merely disposed in the illumination optical system. Witti this arrangement, 
ttiere can be of course attelned ttie effects (to actualize ttie projection type exposure apparatus exhibiting the 
high resoMng power and large focal depth) of ttie present Invention. Incidentally, if it is permitted to cause some- 
what a loss In the illumination light quantity from the lig ht source, the optical member (input optical system) for 
conceming the illumination luminous fluxes on the fly eye lens groups is not particularly disposed. 

In this embodiment also, ttie other fly eye lens may be also provided. The a-value detemiined by one if the 
respective fly eye lens groups is set to preferably 0.1 through 0.3. 

The cumulative focal point exposure method described in the ttiird embodiment is, though ttie first to fifth 
embodiments have been described so far, applicable to the first, second, fourth and fifth embodimente. 

In the first through fifth embodimente discussed above, ttie explanations have been given' by use of the 
mercury lamp 1 as a light source. The light source may include, however, ottier bright-line lamps and lasers 
(exclmers. etc.); or a continuous spectrum light source is also available. A large proportion of ttie optical mem- 
bers in ttie Illumination optical system are composed of ttie lenses. However, the min-ors (concave and convex 
mirrors) are also available. The projection optical system may come under a refractive system or reflective sys- 
tem or reflective/refractive system. In the embodiments, the double-side telecentric system is used. However, 
a one-side telecentric system or non-telecentric system is also available. If the connection of ttie chromatic aber- 
ration of each optical system is insufficient, a band-pass filter and a dichroic mirror intervene in ttie light patti 
of the illumination system to utilize only the monochromatic light 

Alttiough the illustrative embodiment of tiie present invention have been described in detell witii reference 
to the accompanying drawings, it Is to be understood tiiat the present Invention Is not limited to those embo- 
dimente. Various changes or modrications may be effected ttierein by one skilled in the art without departing 
from ttie scope or spirit of the invention. 



Claims 

1. A projection exposur apparatus comprising: 

an illumination optical system, including a light source, for inndiating a mask witti illumination light; 
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a projection optical system for projecting an image of hyp rfin patterns provided on said mask on 
a substrate; 

an optical integrator, provided in said litumination optical system, for illuminating said mask in a 
homogeneous Illuminance distributk>n; and 

a luminous flux distributing member for distributing the luminous fluxes from said optical integrator 
Into at least two luminous fluxes traveling in direction different from each other for concentrating Intensity 
distributions over a Fourier transfomi con^esponding surface for said hyperfine patterns within said Olumi- 
nation system or over a surface in the vicinity of the position thereof on at least two portions apart from 
an optical axis of said Illumination optical system, 

characterized in that said luminous flux distributing member is interposed between saki opttoal 
integrator and said mask In a light path of said Illumination optk^al system. 

The projection exposure apparatus as set forth In dalm 1, wherein the positions on which said intensity 
distributions are concenrated and the number of the porttons on which said intensity distributions are con- 
centrated are set in accojrdance witii a degree of fineness of said hyperfine patterns. 

The projectton exposure apparatus as set forth in daim 1, wherein said luminous flux distributing member 
Indudes at least one of a diffractton grating pattem plate, fibers capable of splitting the luminous flux Into 
a plurality of beams, a prism and a mirror. 

The projectfon exposure apparatus as set forth In daim 1, further comprising: an Image deteriorating 
means for making unsharp an Image of said luminous flux distributing member which Is formed on sakJ 
mask due to said Illumination optical system. 

The projection exposure apparatus as set forth In dalm 4, wherein said luminous flux distributing means 
is a diffraction grating pattern plate, and sakI image deteriorating means makes unsharp the Image of saW 
diffraction grating pattem plate within a range larger than the degree of flneness of sakJ hyperfine patterns. 

A projection exposure apparatus comprising: 

an illumination optical system, Including a light source, for inradlating a mask with illumination light; 

a projectfon optical system for projecting an Image of hyperfine pattems provided on said mask on 
a substrate; 

an opttoal Integrator, provided in said Illumination optical system, for Illuminating said mask in a 
homogeneous illuminance distribution; and 

a luminous flux distributing member for distributing the luminous fluxes from said light source into 
at least two luminous fluxes for concentrating intensity distributions over a Fourier transfonn con-esponding 
surface for said hyperfine patterns within said illumination system or over a surface in the vidnity of the 
position tiiereof on at least two portions apart from an optical axis of said illuminatfon optical system, 

characterized in tiiat said luminous flux distributing member Is Interposed between said light source 
and said mask in a light path of said Illumination optical system. 

The projection exposure apparatus as set forth in daim 6, further comprising: a spatial filter provided in 
the vidnlty of an Incident surface or an exit surface of said optical integrator and having its transmlssive 
portions formed In the portions on which said luminous fluxes from said luminous flux distributing member 
are concentrated and its light shielding portions fomned in other portions. 

A projection exposure apparatus comprising: 

an illumination optical system, induding a light source, for Irradiating a mask with illumination light; 

a projection optical system for projecting an image of hyperfine pattems provided on said mask on 
a substrate; 

a plurality of optical Integrator groups for forming secondary illuminant Images separated from' each 
otiier on ttie Fourier transfonm corresponding surface for said hyperfine pattems or In the vicinity of the 
posltton thereof, said plurality of optical integrator groups being provided in said llluminatton optical system 
and serving to illuminate said mask in a homogeneous Illuminance distribution; 

a position adjusting memb r for setting respective c nters of sakl plurality of optical integrator 
groups in discrete posittons eccentric from an optical axis of an optical system of said illumination optical 
system or said projection optical system; and 

an input optical system for making sakl illumination light from said light source inddent on at least 
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said two optical integrator groups among said plurality of optical integrator groups after being set by said 
position adjusting member. 

9. The projection exposure apparatus as set forth in claim 8, wherein said input optical system focuses said 
illumination light from said light source on at least said two optical integrator groups, respectively. 

10. The projection exposure apparatus as set forth In dalm 8, fmther comprising: a drive member for moving 
at least a part of said input optical system to concentrate said fliuminatlon light from said light source on 
at least said two optical integrator groups with deviations in time with respect to each other until completing 
an exposure of said patterns for said substrate. 

11. The promotion exposure apparatus as set forth in dalm 8. wherein respective centere of said plurality of 
optical Integrator groups, the discrete positions eccentric from said optical axis and the number of said 
plurality of optical integrator groups are set in accordance with the degree of fineness of said hyperfine 
patterns. 

12. The projection exposure apparatus as set forth in dalm 8, further comprising: a spatial filter, provided in 
the vicinity of an incident surface or an exit surface of said optical integrator group, In which the portions 
on which the illumination luminous fluxes from said input optical system are concentrated are transmlsslve 
portions, while other portions are light shielding portions. 

13. The projection exposure apparatus as set forth in dalm 12, wherein a transmlssivity of said one or more 
Iransmlssh^e portions of said spatial filter Is made different from transmisslvities of other transmissh^e por- 
tions. 

14. The projection exposure apparatus as set forth in claim 8, further comprising: a second optical integrator 
provided in said illumination optical system defined from said light source to said Input optical system. 

15. The projection exposure apparatus as setfortti in dalm 8, wherein said plurality of optical Integrator groups 
are composed of 2nv-numbered (however, m ^ 1) optical Integrator groups, the respective centers of said 
m-numbered optical integrator groups among said 2nn-numbered optical Integrator groups are eccentri- 
cally disposed on said Fourier transfonm corresponding surface in said illumination optical system or on 
a surface In the vidnity of the position tfiereof so that light components, Oth-order diffracted light component 
generated from the patterns of said mask and at least one of (±) primary diffracted light components 
expanding at an angle corresponding to ttie degree of fineness of said patterns with respect to said Otii- 
orderdiffracted light component are distributed at substantially equal distances from said optical axis over 
said Fourier transfonm surface in said projection optical system for said mask pattems or over the surface 
in the vidnity tfiereof, and the centers of said remaining m-numbered optk^al integrator groups and the 
centers of said former m-numbered optical integrator groups are disposed substantially in symmetry wltti 
respect to said optical axis. 

16. The projection exposure apparatus as set forth In dalm 8, wherein when paying attention to the diffracted 
light generated from saM mask upon the Irradiatton of said illumination light, tfie center of said one arbitrary 
optical integrator group Is disposed eccentrically from said optical axis so that three diffracted light com- 
ponents, Le. said Oth-order diffracted light component distributed over said Fourier transform surface in 
said projection optical system or the surface in the vidnity tfiereof. one of higher-order diffracted light com- 
ponents than said primary diffracted light component which are distributed In a first direction over saki 
Fourier ti-ansform surface in said projection optical system or over the surface in tfie vidnity thereof about 
said OthK)rder diffracted light component while depending on a two-dimensfonal perlodte structure of saM 
mask pattems and one of higher-order diffracted light components than said primary diffracted light com- 
ponent which are distributed in a second direction Intersecting said firet direction over said Fourier trans- 
fonm surface In said projection optical system or over the surface in the vicinity tfiereof about said Otfi-order 
diffracted light component, are distributed at substantially equal distances from said optical axis over said 
Fouri r transform surface in said projection optical system for said mask pattems or-over the surfac ,in 
the vicinity thereof. 

17. The projection exposure apparatus as set forth in dalm 8. wherein a ratio of a numerical aperture of th 
luminous fluxes firom each of said plurality of optical integrator groups to a mask-sMe numerical aperture 
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of said projection optical system is 0.1 through 0.3. 

18. A projection-exposure apparatus comprising: 

an illumination optical syst m, including a light source, for inradiating a mask with illumination light; 
5 a projection optical system for projecting an image of hyperTine pattems provided on said mask on 

a substrate; 

a plurality of optical integrator groups for forming secondary illuminant images separated from each 
other on a Fourier transform surface for said hyperfine pattems or a surface in the vicinity thereof, said 
plurality of optical integrator groups being provided in said Illumination optical system and serving to iliumi- 
10 nate said nnask in a homogeneous illuminance distribution; 

a holding member for integrally holding said plurality of optical integrator groups so that respective 
centers of said plurality of integrator groups are set in discrete positions eccentric from an optical axis of 
an optical system of said illumination optical system or said projection optical system; and 

an input optical system for making the illumination light from said light source incident on at least 
15 said two optical integrator groups among said plurality of optical integrator groups set by said holding menv 

ber. 

19. The projection exposure apparatus as set forth in daim 1 8, wherein said input optical system concentrates 
the illumination light from said light source on at least said two optical integrator groups, respectively. 

20 

20. The projectton exposure apparatus as set forth in daim 1 8, wherein said holding member holds said input 
optical system integrally with at least said two optical Integrator groups. 

21. A projection exposure apparatus comprising: 

25 an illumination optical system, including a light source, for inradiating a mask with illumination light; 

a projection optical system for projecting an image of hyperfine pattems provided on said mask on 
a substrate; 

a plurality of optical integrator groups for forming secondary illuminant images separated from each 
other on a Fourier transform conresponding surfiace for said hyperfine pattern or a surface in the vicinity 
30 thereof, said plurality of optical integrator groups being provided in said illumination optical system and 

serving to illuminate said mask in a,homogeneous illuminance distribution; 

a plurality of holding members each for integrally holding said plurality of optical integrator groups 
so that respective centers of sakJ plurality of optical integrator groups are set In discrete positions eccentric 
from an optical axis of an optical system of said illumination optical system or said projection optical sys- 
35 tern; 

an input optical system for making the Illumination light from said light source incident on at least 
said two optical integrator groups among said plurality of optical integrator groups set by said holding mem- 
bers; and 

a switching member for exchangeabiy pladng each of said plurality of holding members in a light 
40 path of said Illumination optical system; 

characterized in that said holding members respecth^ely hold sakJ plurality of optical integrator 
groups while making eccentric quantities thereof from each other. 

22. The projection exposure apparatus as set forth in daim 21 , wherein said Input optical system concentrates 
48 the Illumination light firom said light source on at least said two optical Integrator groups. 

23. The projectk>n exposure apparatus as set forth in daim 21 , wherein said holding member holds said input 
optical system integrally with at least said two optical integrator groups. 

50 24. A projection exposure apparatus comprising: 

an illumination optical system, including a light source, for irradiating a mask with illumination light; 
a projection optical system for projecting an gnage of hyperfine pattems provided on said mask on 
a substrate; 

optical Integrators, provided In said Illumination optical syst m, for Illuminating saki mask In a homo- 
55 geneous illuminance distribution, said optical integrators induding at least two integrators of a first optical 

int grator for forming a secondary illuminant image about an optical axis of an optical system of said illumi- 
nation optical system or said proj ction optical system on a Fourier transform corresponding surface for 
said hyperfine pattems or a surface in th vicinity of the position thereof and a second optical integrator 
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consisting of a plurality of optical integrator groups for forming illumlnant imag s s parated from each other 
on said Fouri r transform corresponding surface for said hyperfin patterns or on the surface in the vicinity 
of the position thereof; 

a plurality of holding m mbers including at least two holding members of a first holding member for 
5 holding said first optical integrator and a second holding memberfor integrally holding said plurality of opti- 

cal integrator groups so that respective centers of said plurality of optical integratbr groups of said second 
optical integrator are set in discrete positions eccentric from said optical axis of said optical system of said 
illumination optical system or said projection optical system; 

a first switching memberfor exchangeabiy placing each of said plurality of holding members in a 
10 light path of said illumination optical system; 

a first Input optical system for concentrating the illumination light from said light source on said first 
optical integrator; 

a second input optical system for concentrating the illumination light from said light source on said 
second optical integrator; and 
15 a second switching member for exchangeabiy placing said first input optical system and second 

input optical system in accordance with said plurality of holding members disposed in the light path of said 
illumination optical system by said furst switching member. 

25. The projection exposure apparatus as set forth in claim 24, wherein said second holding member holds 
20 said second input optical system integrally at least with said two optical integrator groups. 

26. A projection exposure apparatus comprising: 

an illumination optical system, including a tight source, for irradiating a masic with illumination light; 
a projection optical system for projecting an image of hyperfine patterns provided on said mask on 
25 a substrate; 

an optical integrator, provided in said illumination optical system, for illuminating said mask in a 
homogeneous illuminance distribution; 

a movable optical member for making the luminous flux from said optical integrator incident on a 
Fourier transfonm corresponding surface for said hyperfine patterns within sail illumination optical system 
30 or on a surface in the vicinity of the position thereof; and 

a drive member for moving said movable optical member to concentrate intensity distributions over 
said Fourier transfonm corresponding surface or over the surface in the vicinity of the position thereof on 
at least two portbns apart from an optical axis of said illumination optical system with deviations in time 
from each other until oompteting an exposure of said patterns fbr saki substrate, 
35 characterized In that said movable optical member is provided between said optical integrator and 

said mask in the light path of said Illumination optical system. 

27. The projection exposure apparatus as set forth in claim 26, wherein the posittons on which said intensity 
distributions are concentrated and the number of said intensity distribution concentrating positions are set 

40 in accordance with the degree of fineness of said hyperfine pattern. 

28. The projection exposure apparatus as set forth in claim 26, wherein said movable optical member includes 
at least one of a minx)r, a fiber and a lens. 

45 29. A projection exposure apparatus comprising: 

an illumination optical system, including a light source, for in-adiab'ng a mask with illumination light; 
a projection optical system for projecting an image of hyperfine patterns provided on said mask on 
a substrate; 

an optical integrator, provided in said Illumination optical system, for illuminating said mask in a 
50 homogeneous illuminance distribution; 

a movable optical member for making the luminous flux from said optical integrator incident on a 
Fourier bransfonn conresponding surface for said hyperfine patterns within said illumination optical system 
or a surface in the vicinity of the position thereof; and 

a drive member for moving said nx)vable optical member to concentrate intensity distributions over 
55 a Fouri r transfonn corresponding surface or a surface in th vicinity of th position th reof on at least 

two portions apart from an optical axis of said illumination optical system witti deviatk>ns in time from each 
otiier untS completing an exposure of said pattems for said substrate, 

characterized in that said movable optical member is provided between said light source and saki 
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optical integrator in a light path of said DIumination optical system. 

30. An exposure method using a projection exposur apparatus constructed to expose pattems of a mask onto 
an exposed member through a projection optical system by moving a movable optical memberfor changing 

5 incident angles of illumination luminous fluxes on said mask in an Illumination optical system, said expos- 

ure method comprising: 

a first step of: starting the exposure in a state where said movable optical member is set in a first 
position; 

a second step of switching said movable optical member from said first position to a predetennined 
10 second position different from said first position after irradiating said mask with a predetermined quantity 

of luminous fluxes or for a predetermined period; 

a light shielding step of shielding the illumination light during said switching process; and 
a step of finishing the inradlatton of saki mask with the luminous fluxes just when an exposure quan- 
tity given to said exposed member reaches a predetemrtlned value upon setting sakI movable optical mem- 
15 ber to said first and second positions, respectively. 

31. The exposure method as set forth in claim 30, wherein a plurality of switching operations of said movable 
optical member to said first and second positions are effected every time said mask is Irradiated with the 
luminous fluxes with the predetemiined quantity or for the predetermined period. 

20 

32. The exposure method as set forth in daim 30, wherein said plurality of predetenmined positions of sakJ 
movable optical member are determined so that a Oth-order diffracted light component generated firom saki 
pattems upon the irradiation of the luminous fluxes and primary diffracted light components pass through 
posltbns having substantially equal distances from an optical axis of said projection optical system on sakJ 

25 Fourier transfonm surface for said mask pattems in said projection optical system or on the surface in the 

vteinity thereof. 

33. The exposure method as set forth in daim 30, wherein said mask depicted with patterns having pertodicity 
in two-dimensional directions is used, and sakJ plurality of predetennined positions of said movable optk^al 

30 member are detennined so that said Oth-order diffracted light component generated from said pattems 

upon the in-adiation of said luminous fluxes and said two primary diffracted light components are pass 
through the positions having substantially equal distances from saki optteal axis of said projection optteal 
system on said Fourier transform surface for said mask pattems In said projection optical system or on 
the surface in the vicinity thereof. 

35 

34. An exposure method using a projection exposure apparatus constructed to expose pattems of a mask to 
an exposed member through a projection optica! system by moving a movable memberfor changing inch 
dent angles of illuminatk)n luminous fluxes on said mask in an illumination optical system, said exposure 
method comprising: 

40 a step of starting said exposure in a state where said movable optical member Is set In a predeter- 

mined first position; 

a step of stopping saki exposure every time said mask Is inradiated with said luminous fluxes with 
a predetermined quantity or for a predetennined period; 

a step of setting said movable optical member In a predetennined second position different from 
45 said flrst positton during the stoppage of said exposure and thereafter resuming said exposure; and 

finishing the irradiation of said mask with the luminous fluxes just when an exposure quantity given 
to said exposed member reaches a predetermined value upon setting said movable optical member in saki 
first and second positions, respectively. 

50 35. I n an exposure method of effecting an exposure with a predetermined amount of deviation of a substrate 
at a predetermined velocity from an image fonning surface of mask pattems in an optical-axis direction of 
a projectton optical system when exposing hyperfine pattems of a mask onto said substrate by use of a 
projection exposure apparatus including an illuminatton system for illuminating saki mask and said pro- 
jection optfcal system for proj cting a hyperfine patlem image of said illuminated mask on said substrate, 

55 the improvement charact rized in that said mask is irradiated obliquely with the illumination light, 

and any on of (+) primary diffracted light components gen rated from said hyperfin pattems of saki 
illuminated mask and an Oth-ord r diffracted light component pass mutually at equal distances from th 
optk:al axis of said projection optical system on a Fourier transfonm surface in said projection optfcal sys- 
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tern for said mask hyp rfine patt rns or a surface in the vicinity Ih reof. 

36. A projection exposure apparatus comprising: 

an illumination optical system, including a light source, for Irradiating a mask with illumination light; 
a projectton optical system for projecting an image of hyperfine patterns provided on said mask on 
a substrate; and 

a luminous flux distributing member for distributing luminous fluxes from said light source into four 
luminous fluxes traveling in directions different from each other for concentrating intensity distributions 
over a Fourier transfonm corresponding surface for hyperfine patterns In said illumindtk)n optical system 
or a surface In the vicinity of the position thereof on at least four portions apart from an optical axis of sakl 
illumination optical system. 

characterized in that said luminous flux distributing member detemnines the traveling directions of 
said four luminous fluxes so that respective centers of said two luminous fluxes among said four luminous 
fluxes pass through eccentric posltfons on said Fourier transfonn corresponding surface in said Qlumi- 
natlon optical system or on the surface in the vicinity of the position thereof so as to distribute a Oth-order 
diffracted light component generated from said mask pattems and at least one of (+) primary diffracted 
light components expanding at an angle corresponding to a degree of fineness of sakJ pattems for said 
Oth-order diffracted light component at substantially equal distances from said optical axis on said Fourier 
transfonm surface in said projection optical system for said mask pattems or on the surface in the vicinity 
thereof, and at tiie same time the centers of said remaining two luminous fluxes pass through such posi- 
tions as to exhibit almost a symmetry between the centers of said fonner two luminous fluxes and the cen- 
ters of said remaining two luminous fluxes witti respect to said optical axis. 

37. The projectton exposure apparatus as set fortii in dalm 36. wherein when paying attention to the diffracted 
light generated finom said mask upon tiie irradiation of one beam of Illumination light from said luminous 
flux distributing member, said luminous flux distributing member determines a traveling direction of said 
one arbitrary luminous flux so that three diffracted light components i.e. said Oth-order diffiBCted light com- 
ponent distributed over said Fourier transfonm surface in said projection optical system or over the surface 
in the vicinity tiiereof, one of higher-order diffracted light components ttian said primary diffracted light com- 
ponent which are distributed in a first directton over said Fourier transform surface in said projection optical 
system or over the surfoce in the vicinity tiiereof about said Oth-order difliracted light component while 
depending on a two-dimensional periodic structure of said mask pattems and one of higher-order diffracted 
light components than said primary difliractBd light component which are distributed in a second direction 
Intersecting sakj first direction over said Fourier ti-ansfonm surface in said projection optical system or over 
the surface In the vicinity thereof about said Otti-order diffracted light component are distributed at sub- 
stantially equal distances from said optical axis over said Fourier transfonm surface in said projection opti- 
cal system for said mask pattems or over the surface in the vicinity thereof. 

38. A projection exposure apparatus comprising: 

an illumination optical system, including a light source, for irradiating a mask witii illumination light; 
a projectton optical system for projecting an image of hyperfine pattems provided on said mask on 
a substrate; 

a luminous flux distributing member for distributing luminous fluxes from said light source Into hvo 
luminous fluxes traveling in directions different from each ottier for focusing intensity distributions on a 
Fourier transfomn corresponding surface for said hyperfine pattems In said illumination optical system or 
on a surface in the vicinity of the position tiiereof on at least two portions apart from sato optical axis of 
said illumination optical system; and 

an adjusting member for adjusting a positional relation between said two portions. 

3d. The projection exposure apparatus as set forth in dalm 38. wherein sato adjusting member drives said 
luminous flux distributing member in accordance with said hyperfine pattems of said mask. 

♦0. The projection exposure apparatus as set forth In dalm 38, wherein saki adjusting member exchanges 
said luminous flux distributing m mb r in accordance with said hyperfine pattems of said mask. 

41. A projection exposure apparatus comprising: 

an illumination optical system, including a light source, for inradiating a mask with illumination light; 
a projection optical syst m for projecting an Imag of hyperfine pattems provided on said mask on 
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a substrate; 

a luminous flux distributing m mber for distributing luminous fluxes from said light source into two 
luminous fluxes traveling in directions drfferent from each other for focusing intensity distributions on a 
Fourier transfonm surface for said hyperfine patterns in said illumination optical system or on a surface in 
5 the vicinity of the position thereof at least two portions apart from an optical axis of said Illumination optical 

system; 

an optical member for limiting said Intensity distributions on said Fourier transfonm corresponding 
surface for said hyperfine patterns in said Illumination optical system or on said surface in the vicinity of 
the position thereof within a predetermined region including said optical axis of said illumination optical 
10 system; and 

a drive means for switching said luminous flux distributing member and said optical member. 
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